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| \ ickers- -Petters ,Ltd., Ipswich 


| Fuller, Horsey, Sons & Cassell. 


1834 
PLANT AND MACHINERY 
BNGINEERING WORKS. 

11, BILLITBR SQUARE, 8&.C.3. 
Iron and Steel = 
Pubes and ittings. 

/ of i.ceusegs in Great Britain for the manutacture 
of “ Armco” Fes ees Dean Sane 


The Scottish Tube Co., Led., 


A veling & Porter, L {4 


ROCHESTER. 


S team 
Road Rollers & Tractors. 


A. G. Mzéora, Li@- 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wan OFFicE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement ect a and 61. 


PATENT WATER-TUBE BOIL: 
UTOMATIC FEED Rea ULATOXS. 


9863 


And FES =~ Machinery as supplied to the 
Admiralty. 217 





Dredging S Coma 
ALL PESORIPT 
FLOATING CRANES. COAL *BUNKERING 
VESSELS. 


Werf Conrad, ,GASRLE™. 


Agents: MARINE WORKS, Lrp., Fatans House, 
39-41, New Broap Sr., "LONDON, B.C, 2, 
See half-page Advert. last week and next week. 


ranes.—Electric, Steam, 
ease jt ps aud HAND, 
f all types and sizes. 
GEORGE. RUSSELL & CO. 
Motherwell, near Glasgow. 


STBEL TANKS, PIPES, GASHOLDERS, &c. 


I] thos. Piggott & Co., Limited, 
NGHAM. 7411 
See Advertisement last week, page 89 


Se by arog Patent 
"warm, 1 Boilers. *"%, 
Sole Makers: SPENCER. BONECOURT, Lrp., 
Parliament Sexe Victoria St., London, 8.W. 


flank Locomotives. 
et and pene et equal to 
n Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO. Lrp. * 
ENGINEERS, NEWCASTLE-ON-TYNE. 





» bPD.5 

















=~ MULTITUBULAR AND 
(" ochran _CROSS-TUBE TYPES. 
Bolles. 
See page 17. 9947 
etter 


il Fy 2eines. 


~ For Paraffin = hogs Oil. 
1} B.HP. and upwards. 


Petters “Teethed: Yeovil. 


Sizes 25 to 500 B. HP. 
See advertisement alternate weeks, 9335 


] 2vincible (jause (F lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester. Od 9753 


lectric (\ranes. 
E (renee. 


8. H. HEYWOOD & & CO., LTD., 
REDDISB. 











in the 
SALE AND VALUATION 





soe Hu Nelson & Co: | 4 


Y2rrow & Co., Ltd., 

SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 

SPEEDS .UP TO 45 MILHS AN HOUR. 

PADDLE OR SCREW STEAMERS OF 
EXCEPTIONAL SHALLOW DRAUGHT. 

Repairs on Pacific Coast 

by YARROWS, LIMITED, Victoria, British 

Columbia. 9563 


SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


(Sampbells & Henter, [4 


Gear Cutting. 


Worm Wheels cut up to 13 ft, diam. 
Bevel and Mitre Wheels planed up to 3 ft, diam. 
Spur Wheels cut up to 9 ft. diam. 








SHIP & LAUNOH. ‘BUILDERS, 
ENGINEERS & BOILBR MAKERS. 


ement.—Maxted & Knott, 


Lrp., Consulting Cement Engineers, ADVISE 

GENERALLY on Cement Schemes FOR 

ENGLAND AND ROAD, — ONLY. 

Highest references. Established 

Address, BURNETT sodden Sante. 
Cablegrams: “Energy, Hull.” __ 


IL FUEL APPLIANCES, 
systems 





9162 





=z Amr, Stream 
EREMOD “® MITED, 
35, The Temple, Dale Street, 
eee. 
Naval Speciality, 
also for Merchant Ships, for 
Fac’ Locomotives, and 
Industrial Process es 
of all kinds. 


Supplied to the British and 
other Governments. 
Telephone No.: Central 2832. 

Telegrams: “ Warmth.” 


ocomotives Tank Engines 
ed and constructed b 

MANNING, wal DLE AND COMPANY, LIMITED, 

Boyn e Engine Works, Leeds. Od 2487 

See their Tus. Advertisement, page 93, last week. 

RAILWAY AND TRAMWAY ROLLING STOCK. 


4078 








THe Giaseow Roiiine STook anp PLANT nw. 
MorTHERWELL. Od 3383 


R Y. Pickering & Co., Ltd., 

> (EsTaBLISHED 1864.) 

BUILDERS of RAILWAY acing &WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 

RAILWAY WAGONS FOR HIRE. 
Chief —_— and Offices : 
erste near GLASGOW. 
London Office Od 
3, ViGTORLA Srreet, Westminster, S.W. 


enry Butcher & Coa., 


AUCTIONEERS, VALUERS amp SURVEYORS 
for 
ENGINEERING anp ALLIED TRADES 
and 
INDUSTRIAL PROPERTIES. 9866 
63 and 64, CHANCERY LANH, LONDON, W.C.2. 


Vlectric ransporters. 
K T 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 











9662 
J ohn H, Witson &Co.,Ltd., 
Birkenhead. 

See Illustrated Advertisement Page 100, Jan. 28, 1921. 


Locomotive Shunting Cranes 





Steam and Eiectric Cranes! £7, 


wEcavates. CRANE-NAVVIKS, GRABS, 


CKETE-MIXERS 
SHIPS’ WINDLASSES, WINCHES, and 
DECK MACHINERY. 


Lists or STaNDARD SIZEs ON APPLICATION. 





: Hav ORFICE: 34, Robertson @ 
oe lasgow. 











DOLPHIN FOUNDRY, LEEDS. = 4547 } 


‘ ‘Vosper. & t Co. Lr. 


cas |) 


APRIL 7, 1922. 

ohn ellamy, imited, 
J BES ass ede © 
GENERAL CONSTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 


Sriis, Perrot Tawxs, Aim REcEIVERS, STEEL 
Curmners, RIVETED STEAM AND VENTILATING PIPES, 
HopPERs, SPEOLAL 1 Won, REPares oF ALL L KINDS. 


[Tubes and Fittings. 


1216 


\tewarts and [ jovas, L4- 


Glasgow and Birmingham. 


See Advertisement page 93. 9953 





Hyconomy ! 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


[iodd Qi Brrzers), 
FURL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. ‘ 
49-51, HastcHeap, Lowpow, B.C, 3. 
TODD SHIPYARDS CORPORATION, 


Builders of Steam and Motor Ships, Repairers, 
Electric Drive Installations. 


9960 





Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 
25, Broadway, New York, U.S.A. 
[the Glasgow Railway 
Engineering Compan 
ngine xing Oc P a? 
London Onescin "Victoria a 8.W. 
MANUFACTURERS 0 

RALLWAY Oe WAGON & TRAMWAY 


& AXLES. 
CARRIAGE & WAGON LRONWORK, also 
CAST-STEEL AXLE BOXES. 540 


FOR 2 
rop KF orgings 
caRTSHmNiIy ENGINEERING & FORGE CO., 
50, Wellington Street, Glasgow. 9674 
ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office; 101, LEADENHALL Sr., B.C.3. 
Works: prare Se —_ HaRLow, 








Kya ting and Distilling Plants. 
Refrigerating a and Ice Making Machinery. 
Feed Water Heaters. 


Eva 
Water a 
Main Feed Pum 
Combined Circulating and Air Pumps. 


> Firms not iy, 


les 


R 2x. Limited, 
GINEERS 


jase, MANCHESTER, 
FEED ‘skars HEATE 


CALORIFIERS, EVAPORA RATORS, Row's 
CONDENSERS, AIR HBATERS, PATENTS. 
BAM ann GAS KETTLES, 
Mentill’ Patent TWIN STRAINERS 


or Pump Suctions. 
eis oe STEAM TRAPS, REDUCING VALVES 


h-class GUNMETAL STRAM FITTINGS. 
ATER SOFTENING and FILTERING. 5123 


Y atrow Patent 


ater-tube oilers. 


9564 
Messrs. YARROW & NDERTAKE the 
PRESSING end MACHINING of the various 
of Yarrow Boilers, such as the Steam Dru 
Pockets, and Superheaters for British Son Dercaaet 

the necessary facilities, 
‘0., Lrp., Scorsroun, GLaseow. 


Matthew pal & (Co |: 


LEVENFORD WoRKs, Dumba rton. 
See Full Page Advt., page 63, March 81. 


Forgings. 
i: are 


‘Delta Bran Brand ENGINMILING ALLOYS, 


a nee coe, ere Sheets, Wire, Tubes. 
# DELTA METAL OO., rp... 631 


KE. ies LONDON,S.K. 10(& at Birmingham) 


‘Maylor & | (thallen 


resses 
8195 


About 200 NEW PRESSES in Stock in our 
Showrooms for gon meg delivery at specially 
educed Prices. 
TAYLOR & CHALLEN Lrp., Bogineers, 
Constitution Hill, TRMINGHAM, 
See Full page Advertisement, page 56, March 31. 


ae Railway 


G witches and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
DaR.iverTon. 


YARROW & 








omers, Limited, 


HALESOWEN. 17116 














Grapuirep 
WATER. 
—_—_—_—~ 


“OILDAG” “AQUADAG” 
(Keg.) BRAND. 


(Reg.) BRAND. 
GRAaPHITED 
GRBASK. 


“@REDAG” 


K. (J. A cheson Le 


GRAPHITED 
OLL. 





8. H. HEYWOOD. é COo., LTD. 
REDDISH. 


Auxiliary Burface Cont Cond ensers. a, Rn ne oe ad . Sige: Manufacturers.) PRs 
EK lectric L ifts \I ocomotive !raversers 
(OP TO 85 TONS.) d (BLBOTRIO), ii 
8. H. HEYWOOD & ©O., LTD., 


REDDISH. 








Pring (jitce. 
All classes of mechanical and structural work 
undertaken, Special plants designed and super- 
vised during erection. Contracts for plant and 
machinery handled and supervised throughout. 
OWEN & ORISP, 
64, Basinghall Street, London, B. a 
Telephone No.: London Wall 5666. 


’ W. MacLellan, Limited, 


P. CLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c, 
Chief Offices; 129, Trongate, Guascow. Od 8547 


Registered Offices : Clutha House, 10, Princes St. 
f West: stinster, London, BW"). “ 





Dice! Engines, Six Cylinder, 


ee eae and four stroke, 850, 1000, 1200 HP. 
for above 250 or 500 


Volts, volte D. O. tmmed Imm and low 
Also 2-500 Kw. PAuSONS T BS , 950 or 
600 Volte D.C., with Condenser and spare armature. 
BLECTRI at sana AIR iene 
ior tyne Volts Pressures 
Ibs. per square 


Crontrifugnl 
Pot, (‘assels & WV illiamson, 


MOTHERWELL, SCOTLAND. 








London Office: 15, VICTORIA STREET, 8.W.1. 


a 





INGS, 
West Wall, Newcastle-on-Tyne. 91462 








—__—_—_—_—— 


Se 





TN 


See half-page Advertisement page 72, March 17, 
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[the Manchester Steam Users’ 


For the prevention of Stea: Boller Explosions and 
m 

for the attainment of Bconomy inthe Application 
of Steam, 9, Mounr STREET, NCHESTER. 

Ohief cer: 0. B. i. STROMEY RR, M.LO.E. 

Founded 1854 Wy Srm WitiaM Faraparen. 

Be ow cates sir — — under ays bag met J and 

‘or’ 1901, m Damages 
and Liabhiities paid in case of Bx “— 
and Boilers adh during construction. 


[the Manchester Steam Users 


ASSOCIATION. 


The ANNUAL GENERAL MERTING of the 
Members was heid in the Board Room of the 
Association, at their Offices, 9, Mount Street, 
Manchester, on Friday, March 3ist, Harotp Lez, 

P, pone pag ee President, in the Chair, 
when the following Resolutions were ado 

Moved by the AIRMAN, seconded by 5. 7. 

+ Pendlebury (Vice-President), and 


“That the Report of the Oommittee of 
Management to the Subscribers be adopted.” 
Moved by W. Guppms, Esq. (Messrs. W. T. 
Storer & Co., Ltd., Manchester), seconded Ad A. B. 
. (Peel-Connor Telephone Co., Ltd., 
Salford and Coventry), and resolved :— 
* That the thanks of the Association are due 
and are hereby presented to the Committee 
of Management for their past services, and 
that the following gentlemen be elected 
the Committee for the ensuing year, with 
power to add to their number :— 
COMMITTERB OF MANAGEMBNT. 
Hanrowp Lee, Heq., J.P., Manchester. 
A. Norman Duepa.s, + 4.P., Blackburn. 
Jas. STANLEY Appison, Esq., Manchester. 
J. T. Browne, Heq., Pendlebury. 
ALFRED H, J. CocuRane, Hsq., Openshaw. 
Cuaries W. Crossiry, Hsq., Halifax. 
Cuances Roserrs, Esq., Manchester. 

Moved by T. Huroninson, Esq. (Fine Cotton 
Spinners’ and Doublers’ Association, Ltd., Man- 
chester), seconded by H. J. Hampron, Bsq. (Chloride 
Hlectrical Storage Co., Ltd., Clifton Junction), and 
resolved :— 

“That Messrs. F. W. Poprptewei. & Son, 
Ohartered Accountants, Manchester, be 
appointed Auditors of the Association's 
Accounts for the year 1922.” 
JAMES PARR, 
Secretary. 

9, Mount Street, Albert Square, Manchester. 

Ist April, 1922, T 


G aza Reunion. 


of Engineers of 
F. and Gallipoli 





It is proposed to hold a ia Meeti 
all Ranks who served with the B. BA. 
during the War, at the eit Club, Coventry 
Street, W., at Six p-m. on APRIL 19TH, being = 
Anniversary of the Second Battle of Gaza. 
Inaugural! Dinner, at which attendance is aplennl, 
will follow. Tickets, 10s, 6¢, 
of the Meeting is to render an asible quisenee 
te those who may be in need of it in these critical 
times. A fund is being opened, poe subscriptions 
are invited to assist those to attend who may 
—se be unable to do so, Communications 
ressed to CAPT. H. J. W. OXLADE, 
eats Street, S.W. 1, marked “Gaza Dinner." 
041 


The primary object 


(Correspondence Courses for 


B.Se I, Mech. B., all BNGI- 
NEERING BXAMS, Courses and and Single 
Subjecte. Personal tuition.—For full 
apply to Mr. TREVOR Ww. get . (Hows.). 
Assoc.M,Inst.0.8., R.S.L, 

Chambers, 58, South John Street, “Liverpool, 575 


[st C.E., I. Mech. h. E., B. Sc., 
and all in, phe a eee ns.—Mr. G 
te em M Tow Spee F.S. i: ms 
B.San.I., PREPARES CANDIDA ES personally 
4 by correspondence. Thousands 
during the last sixteen Courses may com- 
meaee at any time.—39, ictoria St., Westminster 
Tel. 4780 Victoria. pid 


[st O.E. Exams.—Successes 


as usual last Exam. by Cesverpustinse Coach- 
ing ,, Successes by hundreds, several prizes. Sec 

“8 * embraces years’ essional experience. 
Address, 7434, Offices of ENGIN EFRING. 


TENDERS. 
THE HIGH COMMISSIONER FOR 


pen is prepared to receive 

















INDIA 


enders for the Supply 


WIRE, "irea, galvanized, 
PIPES, steel, la — or riveted, 
Forms of Tender ma obtained from the 
Director-General, India ment, Belve- 
dere Road, Lambeth, 8.5. ee ad enders are to be 
_ delivered at that Office not’ later than Two o'clock 
p-m. on Tuesday, the 25th April, 1932, 
T. RYAN, T 914 
Director-General. 


TO BNGINBERS AND OTHERS. 
The METROPOLITAN ASYLUMS BOARD invite 


weparate Tenders for :+- 


(4) Installation of TWO ELECTRIC p a t's 
MATIC Ms er LIFTS, Two 
RIO AUTOMATIO ‘SBRVION 

ae at enn Bec Mental Hospital, 


(2) Inwiallation of a NEW 3 in. CAST IRON 
BT AND SPIGOT GAS MAIN and 
CONNEOTIONS at the North wowere) a te 
ea Lawn Road, Ham 
(c) sr xsis OVEN, te Bok Bt BUILT 
atthe pee Ww 
Honpitale Lawn Road, Ha Ms yey 
Bach tascomrdaiice “ drain eek cations 
ny 
Dra 


ree z. ag 
Mech. he Ba inger-tn-Ohtet, The ¥ 


Specifications, and Forms of et may be in- 
ted at the Office of the B Embankment, 

0. 4, on and after Ten a.m, mars » 7th April, 
bmn and can then be obtained upon pa yment of & 
ofthe of 21 ia sengons of each work. e amount 

e deposit will be returned Ayano: Goce 
Tender sent tn accordance 
Seearanthehs on the —_ of homo and caer the 





be | general 








———————— 
BENGAL-NAGPUR eet COMPANY 
ae ITED 


to receive 


rfenders fo for the Following :— 
8 


Two 40-ton STEAM WRECKING C ES. 
ifications and forms of Tender can be obtained 
at » ane 
Ola 
4th April 1922. 
A fee of £1 1 0 will be ig for the specifica- 
tion, which will not be returned. 
Tenders must be ee: not Iater than Noon 
on Wednesday, 19th April, 1 
The Directors do not bind aR to accept 
the lowest or any Tender. 
By Order < ~ Board 
T. R. WYNNE, T 91 
Radin oo Director. 


y's Offices, 132, Gresham House, 
treet, London, E.C, 2, on or after 


anted, Mains eh wooe 
ENT; must be able to all elasses of 
Cables and erect Overhead Lacien—Appiiontio 
stating full particulars, age, references and a 
required, T 921, Offices of ENGINEERING. 
— ath, 1922. 





BOMBAY PIPE LIN 


Braithwaite & & Co., Engineers, 
Ltd., REQUIRE for their Office in Bomba 
the SERVICES of a good, capable, energetic CHIE 
DRAUGHTSMAN. The candidate must have had 
experience in the design, manufacture and erection 
of bridges and all classes of structural steelwork 
also riveted pipes and tanks, and be capable of 
controlling the Drawing Office and dealing with 





METROPOLITAN WATER BOARD. 


SUPPLY OF CAST IRON PIPES AND SPECIAL 
IRREGULAR CASTINGS, 


The Metropolitan Water Board invite 


[Tenders for the Supply of 


ximately 3325 tons of CAST IRON 
SOCKET PIPHS (36 in., 42 in., and 48 in. Gometen) 
and 250 tons of SPECIAL IRREGULAR CASTIN Gs, 
uired in connection with the Walton to Honor 
Oak Main, Section No. 3. All Pipes and Castings to 
be to the British Standard S — (Class B) 
except where specified to the M.W.B. Standard. 

Forms of Tender and Conditions of Contract tes 
may be obtained at the Offices of the Board ary 
150), New River Head, 173, Rosebery a C.1, 
on or after Thursday, the 6th - 1922, by 
personal “ene or upon forw ing a stamped 
addressed brief envelope. 

Tenders enclosed in sealed envelopes addressed to 
**The Olerk of the Board,” Metropolitan Water 
Board, New River Head, 173, Rosebery Avenue, 
B.C, Ro and endorsed “ Tender: for Cast Iron Pipes, 
etc., * ‘must be delivered at the Offices of the Board 
not later than Bleven a.m, on Thursday, 20th April, 


e Board do not bind themselves to accept the 
ween or any Tender. 


W. MOON, 
Clerk of the Board. 
New River Head, 


Rosebery Avenue, B.C. 1. 


ard April, 1 T 920 


APPOINTMENTS OPEN. 


STAFFORDSHIRE EDUCATION COMMITTER. 
COUNTY TECHNICAL COLLEGE, 
WEDNESBURY. 


n Assistant Lecturer 
is REQUIRED. Salary will be 


| roi Sienaline to e Burnham (Technical School) 


Candidates must be qualified to give class-room and 
laboratory instruction in Mechanical Engineering 
and related subjects. Works experience is desirable, 

Further particulars and forms of applieation,which 
must be returned not later than 20th April, may be 
obtained from the undersigned on receipt of astam ped 
addressed envelope. 

GRAHAM BALFOUR, 
County Education 1 Director of Education. 
Sta lord, March, 1922 T 18: 





in 


The engagement will be for three years, at a 
sal, perannum. Age oetween 30 and 38. 
Ser ad to commence at the bemaning of June, 
1929, Second-class free passage out and home on 
the satisfactory completion of engagement. The 
selected candidates will be required te pass a strict 
medical examination. 

The letter of application, giving particulars of 
applicant’s general and technical training, and 
showing in chronological order (with dates) where 
one how he has been employed, with particulars of 

the class of work, together with coples of three 
recent testimonials, should be addressed to The 
SECRETARY, Brairnwaitre & Co., a poy 
Ltd., 117, Victoria Street, London, 8.W. 1, 
should be received not later than April 28th. T 935 


Foundry Foreman Required. 
Must be live man and keen on results. Small 
Foundry, 24 miles from London, Ferrous and Non- 
Ferrous Castings. State age, experience and salary 
required,—Address, T 936, Offices of ENGINEERING. 


APiicled Pupil. —A Civil 


Engineer has Vahanee for well-educated 

young gentleman as PUPIL. Good practical and 

theroretical training. Interesting works in hand. 

Premium required.—Addre9s, 905, Officss of 
ENGINEERING. 

















SITUATIONS WANTED. 


ngineer (28), Technical 

education, practical training. Experience as 

Chief Draughtsman and Works Manager, DESIRES 

POST as Technical Assistant or training in special 

brand of Engineering for Commercial purposes.— 
Address, T 644, Offices of ENGINEERING. 


(vil Engineer, M.Inst.C.E., 

DESIRES CHANGE of Employment, 
United Kingdom, Colonies or abroad. At present 
abroad, but could be free at the end of this year. 
20 years’ experience in irrigation, river protection 
works, land drainage and hydro-electric develop- 
ment, largely heavy constraction.—Address, T 778, 
Offices of ENGINEERING. 


M echanical Engineer, with 
good all-round general experience as 
foreman, cost clerk aud manager, SEEKS 
responsible POST in any “gure. Se 











3136, York Road, Hitchin. 





April 4th, 1922, 
BOMBAY PIPE LINE. 


Braithwaite & Co., Engineers, 
Ltd., REQUIRE the SERVICES of a Good, 
Capable, Energetic GENERAL MANAGER for the 
above contract. The candidate must be a good 
organizer, and have had experience in the manu- 
facture and erection of riveted we and all 
classes of structural steelwork. e must be 
ble of controlling all classes of labour. 

be engagement will be for three years, at a 
salary cf £1,500. A Ag wa he and 40. Services 
to commence at the beginning of August, 1922. 
First class free out and home on the 
satisfactory .completion of engagement. The 
selected candidates will be required to pass a strict 
medical examination. 

The letter of seplication, giving 
- plicant’s a and technical training, and 

owing in chronological order (with dates) where 
— how he has been employed, with particulars of 
the class of work, her with copies of three 
recent testimoniais, ould be addressed to The 
SECRETARY, Brairawaire & Oo., Engineers, 
Ltd., 117, Victoria Street, London, 's.W. 1, and 
should be received not later than April 28th, T 924 


particulars of 


Moetine Engineer, 31, Ist 


B.O.T., Desires Shore Appointment. Ex- 
perience includes W.'. boilers, turbines, oil fuel; 
also inspecting. Ex-R.N.R. commission. —Adaress, | 
T 933, Office of EnGINESRING. 


Young Engineer Seeks Post 
as Under Manager or similar appointment. 
Eight yrs. practical and D.O. experience. Used to 
steam engino calculations, design. Will invest £400. 
Moderate salary. Manchester dist. pref.—Address, 
T 917, Offices o ENGINERRING. 
5 - ; 
‘ngineer (30), 14 Years 
Worksaad D.O. experience. Present position 
Production Foreman, SEEKS similar POST, or 
position of er Has had complete 
ss of 250 hands on batch production, and 
oe mass production.—Address, T 915, Offices 
GINEERING, 














LK. : oe apes 


PARTNERSHIPS. 


yaginecring Partnershirs 
BUSINESSES. 


W heatley [ irk, Drice & Co. 
46 Kk A 
LONDON, B.C. 4. 
EeTaBiianep Srevewry YEaRs. 9855 


A= Director Required, 
with Snewtonee of Engineering, in London 
Company; full-time occupation; investment, 
£5,000. Salary, Director’s Fees, and share of profits. 
SS to =e er by Solicitors and Ascountant:. 
Nasco, Lrp., St. Ann’s Chambers, 

Ludgate Ti, BC C. 4. T 93] 


po Foundry Wanted by 


practical Moulder and Pattern Maker, age 4), 
or would invest up to £2000 in Engineering Business 
and ome Foundry Dept.—Keplies, LEACH ¢& 
SON, Solicitors, Cross Street, Manchester. T 912 


rass Founders, Finishers, 
and General oe agnor BUSINESS, Beds. — 
Old established, modern plant. HALF or THIRD 
SHARE CAN BE ACQUIRED by engineer > te 
take control, for £1750 or £2060 ree ively. 
fullest investigation. —Appl ny NOLD hg 0. 
(Lendon), Ltd., 143, Cannon Street, B.C, 4. T 942 




















PATENT AGENTS. 


DIBIGHE AND TRA MARKS 
atents ALL COUNTRIES. 


E. P. Mletendas & Son, 


CHARTERED PATENT AGENTS, 
306, HIGH HOLBORN, LONDON, W.C. 
(Established 1874.) 


Telephone: Central 7424. Od 585 
Phone—Holb. 541. Tele—Andrubo, Holb., Lendon. 
Ax2drews & Beaumont, 

CHARTERED PATENT AGENTS, 576 
29, Southampton Buildings, Londen, W.C. 2. 


S. Gokal, CHARTERED 


PATENT AGENT, 
1, Great James tein Bedford Row, London, W.O.1. 
9675 
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WANTED, &c. 


Rossez and Russell, Ltd., 
MECHANICAL ENGINEERS, 
QUEEN'S WHARF, HAMMERSMITH, W. 


Undertake SPECIAL MACHINE WORE 
any description, 
WELL EQUIP SHOP. 
LATHE WORE up to 10 ft. diameter, 


Phone: Hammersmith 31, 967. 


Davis, 





uf 


9211 


M.1.Mech.E., 


Ph ge ge Tested and 
Over 25 years’ rience. Tel.: 

130 a and 7 73 tratford. Wire: “Ra pik sing, London.” 

—Great Hastern Road, Stratford, H. 15. 1794 


kos Your Repairs or any 
SPECIAL MACHINERY, try— 
THOMAS HUNT & SONS, 
bion Ironworks, 
Bridge Rood hy = Battersea, 8.W. 11. 
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soe y Work Wanted 


r High Class Plant, ray reg 
sion Borin Tails, Automatic and 
Lathes, linder and Precision Grinders, 
OCasehardening and Heat Treatment. 








7 7 : 

ngineer (26). Experience— 

4 years shipyard, 2 years D.O. Commer- 

cial and technical qualifications. Good refs. Any- 

thing considered, home or abroad.—Address, T 907, 
Offices of ENGINE RING. 





= 
Bye Required by a Firm of 
Car Manufacturers, with experience of 
the best markets in which to purchase the requisite 
materials for the manufacture of both the Chassis 
and Body, £1,000 or more per annum is offered b 
mo Pod salary pot on ore tng me give fall 
particulars of experience, and when disengaged. 
—Address, T 909, Offices of ByGINEERING. 


orks Under Manager |i 
REQUIRED to take entire charge 
Plumbers’ Department at North East Coast Ship. 


ay and Engine Works. Applicants must have 
ad good experience of plumber work on passenger 


and cargo ships.—Address, giving full particulars, 
T 906, Officss.of ENGINEERING. suf T 906 
Kr! neers Required for the 

.—Several JUNIORS with good general 
mechanical! shops and drawing office (alabeke Age 
23/28. Single. Three years’ Agreement. oo. 
£400 upwards and free accommodation. pply 
stating age, full SS. dates of Pe a 
and experience to:—BOX B, c/o Tae Re@EnT 
ee See, Ltd., 4, London Wall 
Buildings, B.C. T 889 


Pingineer 
Knowl 
lar oad tae oan 
u 
eolsbrosnaate 











with Extensive 


of Storage and Handling of Grain. 

experience in planning and carry- 

contracts. = ter of foreign 
— 


Bx ced & 
it . = BOX ta Tey beral ala mig 
‘Str 4 Wied ces, 

ueen 
Crk :; ‘abl e gee erent a 
hoon: for ie Fa bia = = = 

it 
can to “0 light ne tractaral iro ir with Nyon of 
Age 25-36. tate 
age, Earp rorcidshadrne, Seen 
INEERING. 





of 





ngineer, Scotsman, Ist B.0.T., | brass 

34, single total abstainer, fate B.I18.N.Co., 

Wants Post, town or coast, start now. Conscientious, 
hard worker.—T 903, Offices of ENGINEERING. 


Bezzg Engineer. — ‘The 
nager of a Engineering Works’ 
Purchasing Is Department, w Me has an exce ly 
pA ees e of the. Markets of the manezs 
egotiate NEW APPOINTMEN 

pWrites 7 Z. M. 613, care of Deacon's, Leadenhall 
Street. B.C. 3. T 923 


A Factory Engineer Wants 


POST in any technical or commercial 
capacity. Exp. buildings, structural, plant, 
machines. Design, lay-out, estimating, installation, 
maintenance, commercial NHnergetic. 30. Good 
refs. Now London, go anywhere, any reasonable 
salary.—Address, T 927, Offices of ENGINEERING. 


ement.—Technician,trained, 

experienced, home and abroad, free in May. 
Abroad preferred.—Apply, 25, Elibank 

Eltham. : T 845 


A Perma: Motor or Instru- 
ment making preferred.—Youth, aged 17 yrs. 
hools. 
-» N16. 
T 938 


Dg oor 29, pprenticeship. 
= apy pe Praising. znd Class B.O 














yrs,secondary,3yrs. technical (Bugineeri 
Good draughtsman.—G RANT,9, Rookwood 





3 18 months D.O. ; i 
cary’ Oil F ual ce. - jrborough knowled 
trict teetotaller. Seeks 
poten Bxcs Sy, testimonials.—SEARLE, 
Derwentwater Road, Gateshead. 2 


Frist - class Tracer (Male); 


en ln SITUATION or private work. Good 
letterer.—F. L., 43, Bolina 8.B. 16. T 934 








A — ex a ge Setvideeater a 
[portant Foundry Can Carry 


CASTINGS, Iron and Steel, in 
up te 6 dot machine a eatieel Can also cast pieces 
80 tons in weight. Any castings, iron, steel, 
all special alloys undertaken. 


‘DE PRODUITS METALLURGIQUES, 
148, ——- Haussmann, A Paris(8e). 
A Few Agente Required. 9878 


A ge ents Required for Sale of 

ubricating Oils, &c. Liberal commission.— 
Write stating territory and turnover, BOX 182I, 
SELLS ApverTmine Orry{czs, Fleet Street, EB. ~s a 


ld- Established Mill Furnish- 


Firm in Midlands REQUIRE AGENCY 
for Sms Tools and Engineers’ Specialties.— 
Address, T 926, Offices of ENGINEERING. 

PATENT FOR SHAPING MINE TIMBER. 


Ts Owner of above Patent 


— REPRESENTATIVE a pee ' 

larly the mines in 
bp Si or full particulars and onal write to 7 
WAROLDS, 271, ious Albert, Brussels, Bagaoe 


he Owner of Patent No. 


129252 for “Improvements in and relating to 
method of and Apparatus for cutting metals under 
water,” DESI to LICENSE or SBLL the © 
PATENT RIGHTS in Great Britain. —Address, 
EB. P. ALEXANDER & SON, Chartered Patent 
Agents, 306, High Holborn, London, Wo.l. T% 


i Proprietor of the e Patent 
in Tooth- 

3 ‘aches is pears of ENTERING 

ane RRANGE Pope at - 














ng 88 full ng & ll Beet 


in t 
ene in in tke ane 
instance to HAZELTINE, LAKE & “Balan 
tered Patent Agents, 28, henna > 3 
Chancery Lane, London, W.O, 2. 
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1,200-H.P. ELECTRIC LOCOMOTIVES FOR 
THE METROPOLITAN RAILWAY. 


As a result of alterations to certain portions of 
the Metropolitan Railway Company’s track, an 
increased number of non-stop trains are now run 
on the electrified portion between Baker-street 
and Harrow-on-the-Hill. Beyond Harrow they 
are worked by steam locomotives. The trains are 
hauled by means of electric locomotives from 
Aldgate as one terminus through Liverpool-street 
and King’s Cross to Baker-street, where they diverge 
from the inner circle tracks and run through 
Finchley and Neasden to Harrow-on-the-Hill. 
Between Aldgate and Baker-street the trains have 
to keep the normal timing of the circle services, 
but after Baker-street they frequently run non-stop 
right out to Harrow-on-the-Hill. These two types 
of service are altogether different, as the ordinary 
circle trains have a high acceleration and a com- 
paratively low balancing speed, while for the non- 
stop run a high balancing speed is the essential 


| Harrow being in fact sometimes made in a minute 





under specified. time. An additional stopping 
service between Aldgate and Bishop’s-road, hauling 
the same train with the same duration of stops, 
is made in 19 minutes in each direction. The 
present-day cost of coal has made the question of the 
current. consumption by electric trains a matter of 
greater importance than it was at one time, and 
careful tests have been made on these locomotives 
to ascertain their performance. The consumption 
guaranteed by the contractors was 60-watt hours 
per ton-mile, and the tests show the figure actually 
to be undér 55 watt-hours per ton-mile. 

The locomotives are of the 0-4-4-0 type, and have 
each two bogie trucks of the carriage type on which 
the body is carried. The arrangement is clearly 
shown in the general view of one of the locomotives 
given in Fig. } subjoined. Each truck is equipped 





with two 300-h.p. self-ventilated motors driving the 
running axles through single-reduction gearing. 
The arrangement is thus a very simple one and 
lends itself «well to the dual service required. The 


consumption when train weights are fixed as in thig 
case. The system ensures a constant rate of acceler, 
ation obtained independently of the driver, who, 
however, has the option of reducing the rate of 
acceleration and of running on certain shunting 
notches when on such service as, marshalling trains, 
A general view of one of the drivers’ compartments 
is given in Fig. 2, on page 410, while a view showing 
the interior of the locomotive is given in Fig. 3. 
As will be gathered from this latter figure, taken 
in conjunction with Figs. 4 and 5, on Plate XIX, 
the control apparatus, main resistances and auxiliary 
machinery are arranged in a group placed along the 
centre line of the locomotive. They occupy rather 
more than three-quarters of its length. This 
arrangement gives a gangway on each side of the 
apparatus so that inspection is facilitated. 

Driving positions are arranged at each end of the 
locomotive, each position being provided with the 
usual master controller, driver's brake| valves 
meters, &c. A dual system of braking is provided 
the Westinghouse compressed-air brake being’ used 








quality. The trains consist of six standard bogie 
carriages weighing, with passenger load, about 
180 tons and, with the locomotive, about 240 tons. 

Twenty new electric locomotives have recently 
been ordered for use in connection with this service, 
and the first few are now in regular operation. 
They are being supplied to the specification of 
Mr. Charles Jones, M.Inst.C.E., M.1.E.E., Chief 
Mechanical and Electrical Engineer to the railway 
company, by Messrs. The Metropolitan Vickers 
Electrical Company, Limited, of Trafford Park, 
Manchester, who are building the electrical 
gear, the mechanical portions of the loco- 
motives being constructed by Messrs. Vickers, 
Limited, of Barrow-in-Furness, who are working in 
conjunction with the Metropolitan- Vickers Company. 
The locomotives are required to make the run 
between Aldgate and Baker-street, pulling a train 
of 180 tons, in 15 minutes, with 20-second stops at 
all intermediate stations, and from Baker-street to 
Harrow-on-the Hill, non-stop, in 15 minutes. The 
return journeys have to be carried out in 14 minutes 
and 15 minutes respectively. The locomotives in 
operation have been tested under these services 
and have demonstrated their ability to keep 
schedule, the non-step run from Baker-street to 


Fig. 1. 


GENERAL Vizw oF LOCOMOTIVE. 


maximum speed on non-stop runs does not in 
general exceed 60 miles an hour. The electric 
supply is at 500 volts to 600 volts on the third-rail 
system, and an insulated negative return rail is 
laid in the centre of the track. The running rails 
are not used for the return circuit, as they are 
employed in connection with the signalling system. 
There are four positive and two negative collecting 
shoes on the locomotive ; the positive shoes are in 


The negative shoes are on the centre line. Collecting 
shoes are also fitted to some of the coaches and are 
connected to a power *bus line carried through the 
train. This arrangement is, of course, installed 
to enable the train to pass readily over gaps in 
the collecting rails occurring at complicated sidings 
and cross-overs. 

The Metropolitan-Vickers all-electric control, 
which has been in operation for a number of years 
on the London and South-Western Railway, is used 
on the locomotives, and multi-core lines with 
receptacles and jumpers are provided so that two 
or more locomotives may be coupled together and 
driven in multiple unit from one cab. Automatic 
acceleration is provided, experience having shown 





that this leads to considerable economy in energy 


duplicate, one set of two being fixed on each side. | 


generally while shunting in the yards, and the 

vacuum brake when operating the train, the stock 
| being fitted with vacuum brakes. The braking 
system is provided with the trip cock arrangement 
which is in general use on the Metropolitan Railway, 
and which ensures that the brakes are applied and 
power cut off from the motors should the driver 
run past certain definite positions when the signals 
are set against him. 

In describing the locomotive in detail we may 
first direct attention to its mechanical parts, which, 
as we have already said, were constructed by 
Messrs. Vickers, Limited, at their Barrow-in- 
Furness works. The underframe and bogies are 
illustrated in some detail in Figs. 6 to 14, on 
Plate XIX, andin Figs. 15 to 22, on pages 411 and 412. 
Considerable attention has been paid to the design 
of the bogies in order to ensure strength and rigidity. 
The side frames are built up from #-in. plate and 
3-in. by 3-in. by %-in. angles, and are attached to 
the headstocks by heavy cast steel corner brackets 
which are adapted to receive the brake levers. 
The headstocks are 8-in. by 3-in. by j-in. channels, 
These details are illustrated in Figs. 15 to 18, on 
page 411, and Fig. 22, on page 412. The centre 
cross-beams or transoms of the trucks are of 15-in. 
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by 4-in. by %-in. channels reinforced by @ steel 


plate in the centre, where the motor nose ion 
bracket is riveted, as illustrated in Figs. 19 to 21. 
These beams are attached to the side frames by 
further cast steel brackets, which are utilised to 
take the fulcrum pins of the swing bolster links. 
The swing bolster is built of 10-in. channels and 
’s-in. plate, and rests of two nests, each of three 
springs. These springs rest on a swing plank 
which is supported by a rocking bar, which is 
in tarn supported by swing links, the fulcrum 
pins of which are fixed in the steel castings already 
referred to. 

The axle boxes are of the Metropolitan Railway 
Company’s standard pattern and the side frames 
are strengthened by steel castings where they are 
cut away for the boxes, as shown in Fig. 15. 
The boxes are fitted with loose liners, and the bear- 
ings are of gun-metal lined with white metal, and 
are easily removable. Each box is fitted with an 
Armstrong oiler. The centre pivot and side friction 


Fie, 2, Driver’s COMPARTMENT. 


castings are of cast steel, and efficient lubrication is 
provided for. The motor nose suspension has 
been referred to and it is illustrated in detail in 
Figs. 19 to 21 on page 412. Spencer Moulton rubber 
cushions are employed in this suspension, as shown in 
the figures. Similar rubber cushions are used for the 
shock absorbers attached to the laminated springs, 
as is shown in several of the figures. The brake 
gear is compensated throughout, and special atten- 
tion has been given to facilitate the renewal of 
worn blocks. The blocks are fitted to the front and 
rear of each wheel. 

The cab underframe is illustrated in Figs. 8 to 14. 
It is built throughout of steel. 
of 12-in, by 3-in. by }-in. channels, and the centre 
longitudinals and headstocks are built up of plates 
and angles. 
transmit all shock through the centre longitudinals. 
The arrangement of the draw gear ‘will be clear 
from Figs. 9 and 10. Standard type screw couplings 
are fitted, shocks being taken by heavy steel draw 
springs. Laycock automatic couplers are also fitted 
to the locomotive, the shock in the case of these 














being taken by Spencer Moulton rubber springs. 
The brake cylinders, suspended from the under- 
frame consist of two 12-in. by 8-in. Westinghouse 
cylinders and two 24-in. by 9-in: vacuum brake 
cylinders. A hand brake is also fitted at each end 
of the locomotive. Each system of braking is 
designed to work independently. The rigging is 
a to give a total braking effort of 90 per 
cent. of the total weight of the locomotive, which 
is approximately 574 tons. The cab is built of steel 
plates and is fitted with sliding and swing doors, 
the former running on Crittall bars. All the windows 
have drop sashes except the driver’s, which is fitted 
with a mechanical cleaning device, thus giving a 
clear outlook in all weathers. As already pointed 
out the control apparatus, main resistances and 
auxiliary machinery are arranged in a group along 
the centre line of the locomotive. All contactors, 
resistances and fuses are carried on a plate and angle 
structure, and underneath this are placed the 
vacuum pumps, air compressor and reservoirs. All 


Fie, 


live terminals are effectively guarded and a hand- 
rail runs the length of each gangway on each side 
of the apparatus. Ample ventilation is provided by 
means of louvres in the cab sides and ventilators in 
the roof. 

The motors are of the standard series-wound type 
with commutating poles. Each is rated at 300 h.p. 


| at 600 volts, on the 1-hour rating, the corresponding 
| locomotive speed being 30 miles an hour. 
|is the largest it was possible to have with the 
| standard rolling-stock wheel, and at the same time 


The motor 


to conform to the regulations in regard to clearance 
between track level and the bottom of the motor 


The sole plates are | and gear-case. The magnet frame is of the box 


type cast in one piece and provided with the usual 


| arrangement of suspension bearings from the 
Strong buffing angies are fitted which | 


running axle and with a nose at the opposite side. 
The rubber spring suspension of the nose, which is 
illustrated in Figs. 19 to 21, and to which we have 
already referred is the Metropolitan Railway Com- 
pany’s standard. All poles are secured to machined 
seats on the frame by studs, the main poles being 
laminated and the commutating poles solid. The 











coils are wound from copper strip insulated between 
turns with asbestos, mica and asbestos wrapping 
being.employed between sections. The completed 
coils are protected by linen tape and are impregnated 
in a vacuum tank with a heat conducting water- 
proofing compound. 

The armature winding is of strip copper, each 
coil consisting of a single loop, or turn, without any 
joint at the end remote from the commutator. 
The straps are insulated with flexible mica tape and 
are assembled together in sections, each consisting 
of several individaul coils, so as to form an assembled 
coil which fits in the slot. This completed coil is 
covered with several layers of flexible mica wrapping 
on the portion placed in the armature slots, to obtain 
proper insulation to ground. The remaining portions 
of the coil are insulated with mica tape. The 
completed coil is covered with linen tape for 
mechanical protection and the coil is finished. off 
by varnishing and baking. During the process of 
making, the armature coil is heated in an electric 


3. INTERIOR OF LCCOMOTIVE. 


heater and pressed in a clamping press to make 
it solid and a good fit in the armature slots. To 
provide increased mechanical protection at the ends 
of the straight portions of the conductors in the 
armature slots, the slots are punched to a slightly 
larger size for a distance of about } in. inwards 
from each end and the clearance so formed is filled 
by U-shaped pieces of tough fibrous material. The 
armature core is built in the usual way with steel 
punchings insulated with paper and assembled on 
a cast steel spider. The commutator after it is 
completed and assembled on the armature, and is 
connected to the windings, is seasoned by heating 
to a higher temperature while rotating at a speed 
in excess of the normal speed of the motor. The 
commutator bolts are tightened up after doing this, 
and the process is repeated until no further tighten- 
ing can be obtained. 

The control gear of the locomotive naturally 
embraces a large amount of detail, and we accord- 
ingly propose to deal with it in a continuation of this 
article in a later issue. In concluding this first part, 
however, it will be convenient if we give the leading 





APRIL 7, 1922.] . ENGINEERING, _ 44t 





1,200-H.P. ELECTRIC LOCOMOTIVE FOR THE METROPOLITAN | RAILWAY, 


MR, CHARLES JONES, M.INST.C.E., M.LE.E., CHIEF MECHANICAL AND ELECTRICAL ENGINEER, 


Fig. 15. an “ 
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Fig. 17. 


SECTION THRO’ AA, SECTION THRO’ BB. INNER END VIEW. OUTER END VIEW. 
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Figs. 15 To.18, Four-Wxaeet Moror Boars wita Two 300-H.P. Morors, 





particulars and dimensions of the locomotive in the Traction system ..+ 600 valle supply - —~ a of ere bogies 20 ft. 3 in. 
. tive collector rail. The eel base of motor 
form of . table. They are as follows :— negative rail is insu- bogies ... ake bas 9 ft. 3 in, 
Weight in working order 56 tons. lated. Total wheel base --» 29 ft. 6 in, 
Type of locomotive .... Double bogie, all axles Current collectors ... Over-running type. Diameter of running 
. driven. Brakes... oa - Dual fitted; Westing- wheels oe ons 3) in. 
——_ se en a2 2 — oe motors. : house and vacuum, Gear ratio oop e+ 23/57, 
ontrol equipment -. All electric, with auto- Length over buffers ... 39 ft. 6 in. i j part j 
‘ matic acceleration and Lenath over body «> 36 ft. In “wonpnee A = roe A of oe description 
arranged for multiple. Width over bod we 8 ft. we should thank t etropolitan Railway Com- 
unit opération. Height from alle vee 12 ft dp in, pany and Mr, Charles Jones, the Chief Mechanical 
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Fig.19. 


Fig 24 


HALF PLAN. 
54° 





Fies. 19 To 21. 


and Electrical Engineer to the Company, for 
placing information at our disposal for the pre- 
paration of the article. For the same type of 
service our thanks are also due to the Metropolitan- 
Vickers Electrical Company, of Manchester, and 
Messrs. Vickers Limited of Barrow-in-Furness. 


(To be continued). 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

A MEETING. of the above Institution was held on 
Friday last, the 31st ult., at the Institution Building, 
Westminster, with the president, Dr. H. 8. Hele- 
Shaw, F.R.S., in the chair. 


Tae MILLNG or Sorews. 


The paper down for reading and discussion was 
one entitled “The Miiling of Screws and other 
Problems in the Theory of Screw Threads,” by 
Professor H. H. Jeffcott, late of the Royal College 
of Science, Dublin, and the present secretary of the 
Institution of Civil Engineers. We reprint the 
paper on page 441 of this issue. 

In the course of some introductory remarks, 
Mr. Jeffcott explained that the paper was not 
originally intended for reading, but was submitted 
as a contribution to the Inititution records, in a 
similar way to his contribution on the theory of 
screw threads, which appeared in the Proceedings 
for 1907. It was at the request of the president 
and council that the paper was being considered at a 
meeting of the Institution. The paper was largely 
devoted to the determination of the correct form of 
edge of the milling cutter for milling straight-sided 
screw threads. The question had been much dis- 
cussed during the war. 

Of the three different types of operations used in 
the manufacture of screw threads, the use of a 
chaser in a lathe operated by a leading screw, gave 
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Fig. 20. SECTION A 













Safety Lugs or Motor 


Deraits oF SusPeNsION FOR ExLrecrrio Morors. 

















Fic. 22. Generat View or Boats. 


considerable accuracy, but was somewhat slow. 
The second method, using taps or dies, was mainly 
suitable for rapid work. In the third, the milling 
process, the threads were formed by a cutter, 
commonly placed with its axis at an angle to the 
axis of the screw. Multiple-thread cutters were also 
used, operated with the axis parallel to the axis 
of the screw being cut, excepting in the case of very 
short threads. In the hobbing method, one thread 
hob generated the other. In the paper he was 





concerned with the milling process, the merits of 
which were a large output and good degree of finish, 
while the operation could be carried out by semi- 
skilled labour. When the helical angles were not 
too steep, the milling process gave a good deal of 
accuracy. 

The workshop method of obtaining the proper 
form of cutter was by generating a dummy blank, 
and cutting it to the approximate shape to fit the 
thread; and then making a templet from it, and 
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making the cutters to the template. The object of 
the paper was to deduce mathematically a certain 
expression that would give the form of cutter. 
During recent years many attempts had been made 
to realise the true and correct form of cutting edge 
to generate straight sided, square, acme or other 
threads. Mr. Jeficott went on to say that in his 
earlier paper he had given some account of the 
shadow-of a screw thread in parallel light. Messrs. 
Sears and Attwell, of the National Physical Labora- 
tory, had successfully developed the method of 
measuring a screw thread by optical projection, 
and the question of the shadow of the thread in 
parallel light had some bearing on optical projection. 
As, however, it was impracticable to get a perfectly 
parallel beam of light it became interesing to con- 
sider what would happen if the light were not 
parallel, but radiating from a point. This matter 
was dealt with in the paper. 

Mr. William Taylor, O.B.E., member of council, 
remarked that one great difference between engineer- 
ing workshops and the schools was, that in the shops 
95 per cent. of the persons engaged were occupied 
in constructing and making, not in designing, 
whereas, in the schools, 95 per cent. of the time was 
given to the science of design, and, perhaps, only 
5 per cent. to the business with which engineering 
shops were concerned. He had been looking for- 
ward to the time when the schools would begin 
to take a real interest in shop problems. He there- 
fore welcomed Mr. Jeffcott’s paper, because it was 
concerned with the science of the workshop. It 
was thirty years since he had first endeavoured to 
manufacture really interchangeable and freely 
interchangeable screws. He was mainly concerned 
with screws for optical instruments, and one of the 
first difficulties he encountered was the lack of 
chasers that would cut an accurate Whitworth 
thread. The great work which Whitworth did in 
establishing standards did not go so far as to give 
standards made on such a basis that other people, 
measuring quite independently with reference to 
the proper standard of length, would be able to 
produce gauges which would be interchangeable. 

Mr. Taylor went on to say that he took credit 
for some pioneering work when he began te use the 
needles and prisms, to-day so much used in measur- 
ing screw threads. He soon found that it was but 
rarely he could get in a thread a counterpart of the 
tool that had produced it. There was a distinct 
difference between what was now called the effec- 
tive diameter of the screw cut in cast iron, for in- 
stance, with any given tool and a thread cut in a 
piece of wrought metal, such as steel. He had also 
found that difference between cast brass and wrought 


brass—a difference of something like =>. of an 


10,000 
inch. This difference depended on the depth and 
speed of cut, and he quickly found that the most 
accurate counterpart of the tool was arrived at 
when the chip was indefinitely thin. In milling a 
thread it was one of the advantages that the sur- 
face of the thread was produced by that part of 
the chip having that indefinite thinness; in that 
way the most accurate counterpart of the tool was 
obtained. They were, however, up against the 
trouble that they could not get the tools to 
stand up, in the way that screw-cutting tools 
would. A tool could be more easily blunted 
by cutting a chip of very small thickness than 
when it had plenty of “work.” He hoped the 
Cutting Tools Research Committee would investi- 
gate this matter, as it was important to practical 
men to know how to obtain the greatest endurance 
in the tool. 

He had departed from the common practice of 
busy men by reading the paper—a highly mathe- 
matical one—with attention. He would first refer 
to that part which dealt with the particular case of 
asquare thread (Section 5). Mr. Jeffcott had given 
a formula for a cutter to mill a square thread when 
the axis of the screw being formed was parallel 
with the axis of the cutter. This appeared to be 
an impossible thing to do. The formula was 
accurate only upon one condition, namely, that 
the screw was zero pitch. If the screw were zero 
pitch it took the form of a square-sided groove 
turned in the shaft, and any cutter having plane 
sides running on an axis parallel to the axis of the 
screw could generate such a screw. It mattered 








nothing whether the cutter had parallel sides or 
whether the sides were concave ; the result would 
be the same. The two ends of the edge of the 
cutter which formed the root of the thread could 
do all the work, and would generate the planes 
which constituted the side surfaces of the threads. 
With a thread having any pitch, however, the sur- 
faces were not planes, and it was a physical impos- 
sibility to generate a screw, or mill a screw, having 
sides which were square in the axial plane with a 
milling cutter whose axis was. parallel to the axis 
of the screw. 

(Mr. Taylor had prepared a diagram showing a 
square thread, and on it had drawn the section 
of a cutter laid out to the formula in the paper. 
This illustrated his point graphically, but we think 
his contention that a square thread cannot be 
formed by a milling cutter with its axis parallel to 
that of the screw being cut will be clear from his 
argument given above. }! 

He believed he had found how Mr. Jeffcott 
had reached his conclusion. Quite early in the 
paper it was stated that a “little considera- 
tion will show that this case is quite different from 
that of machining threads in a lathe, in which case 
the cutting edge of the fixed tool takes the exact 
form of the axial plane section of the screw being 
generated. With a rotary cutter, however, and with 
the axes of the cutter and screw parallel, it will be 
readily seen that if the cutting edges agree in form 
with the axial plane section of the screw, then on 
rotation the edge will foul the helix on one side or 
other above and below the axial plane. Even when 
the cutter axis is inclined at an angle to the screw 
axis, fouling still exists. Accordingly it becomes 
of great importance to determine what form to 
give the cutting edge, so that after making allow- 
ance for the rotation of the cutter, a correct form of 
screw thread will result.”” The paper then described 
the method used for producing a gauge or templet 
for the form of the screw, and stated that “in the 
first place a screw correct in all respects and of the 
size required is carefully cut in a lathe. This is 
used as a gauge. A cutter blank of appropriate 
diameter is then turned in a lathe, and gradually 
the shape of its outer boundary is altered until its 
contour fits exactly into the screw thread of the 
gauge, when the axes of the cutter and screw make 
with one another the angle at which they are designed 
to operate. For accurate results this is not an easy 
test, and the final forming of the cutter contour is 
tedious. When sufficient accuracy is thus realised, 
the next step is the making of a template to fit the 
contour of the dummy cutter.” If that, Mr. Taylor 
said, were done with a square-threaded screw, the 
form of the cutting plane would be determined 
solely by contact with the prominent corners of 
the thread and not in the least by contact with the 
surfaces of the thread at the side ; the blank would 
lie entirely away from the surface of the thread 
everywhere else. If it were attempted to make a 
templet from sucha blank, and, from the templet, 
to make tools, a square thread would not be obtained 
at all, but something which corresponded to the form 
given to the blank, which was never a counterpart 
of the thread. Mr. Taylor went on to say that he 
had made an investigation to see if, in fact, that was 
what was derived from Mr. Jeffcott’s equation, and 
he found that it was. He submitted that the equa- 
tion did not give the form of cutter which would 
produce a square thread, but a cutter that would 
not interfere with a thread that was square. 

What the author had done, Mr. Taylor con- 
tinued, was to take the first step in determining 
the limiting conditions under which threads could 
be milled when, in one case, the axis of the cutter 
was parallel to the axis of the screw, and, in another 
case, when the cutter was inclined to the axis of 
the screw. It would have been valuable if Mr. 
Jeffcott had carried his investigation a step further 
and laid down the conditions. Mechanics required 
to know what was practical and what not, and 
he knew of no practical way of determining the 
question. The author had spoken of forming a 
blank and a template, and, through a series of 
operations, getting finally a cutter of good form for 
milling a thread and checking that by optical pro- 
jection. There was a real practical difficulty in 
the way of getting the cutter right. Was it pro- 





posed to correct by free hand? Another difficulty 
was in getting the curve right. It was not possible 
to plot a curve and draw it rightly within + 
of an inch. The right course was to generate the 
forms by practical means, and not, in the first 
instance, attempt to get at them mathematically 
by plotting. 

Mr. Taylor exhibited a sketch showing how the 
cutter form could be generated practically to mill 
a thread of any form. The cutter blank was formed 
by two small tools carried by an arbor. The tools 
were set at the thread angle required and cut 
the cutter blank, which was of disc form, on its two 
sides. By rotating the two members together and 
arranging suitable longitudinal travel between them, 
a suitable curved face would be formed on the cutter. 
This could then be used for the manufacture of 
further cutters. 

Earlier than thirty years ago, screw threads were 
formed by making a plate gauge, by drilling, near 
the edge of a piece of plate, atiny hole, equal to the 
calculated radius of the crest of the thread. The 
tooth form at the required angle was then formed 
by filing tangentially into the hole. From this 
template a tool was made and put into a screw 
cutting lathe. With that tool a hob was made ; 
with the hob, chasers were made ; with the chasers, 
taps; and, often, with the taps, dies. At that 
stage, however, the thread was never a thread of 
any real accuracy. The hobs were always changing 
their thread angle, the angle increasing and the 
thread becoming shallow, and it was not possible 
to get interchangeability of manufacture in inde- 
pendent places. By generating a tool in the way 
described one would get nearer to accuracy than 
could be done by following the mathematical method 
and plotting a curve and checking—something 
which had to be produced more or less by free hand 
in an uncertain way. 

Mr. Taylor then remarked that the. British 
Engineering Standards Association had been accus- 
tomed from the start to speak of “ effective dia- 
meter,” apparently a sort of mathematical, ,or 
geometrical abstraction, with no very definite 
meaning. It was defined as “the length of a line 
at right angles to the axis of the screw between the 
points where it cuts the surface of the threads,’’ 
When the author spoke of effective radius of a 
square thread, he would ask, what was the “ effec- 
tive diameter” of a square thread? It was not 
practicable to measure this, and what was true of 
the diameter was true of the radius. It appeared 
to be thought that “ effective diameter” was some 
fundamental, inherent virtue like that of the me 
circle of a gear. Long ago he had settled for hi 
self the question of the “ best diameter " of a needle 
cylinder for measuring screw threads. The best 
thing to do was to measure that diameter at about 
the mean depth of the thread, because at that point 
there would be the least departure from the ideal 
form of surface, due to any change at each angle 
of the thread, whether plus or minus. It was con- 
venient to depart from the theoretical mean depth 
and to adopt a size of gauge which would stand a 
suitable distance above the crest of the normal 
thread. In the works at Leicester, in connection 
with optical work, use was made of little cylinder 
gauges standing = or ;, in. above the crest of 
the thread. The micrometer could be put on to 
the screw and the diameter measured, and it was 
oe known that the thread would be of the right 

rm. 

In conclusion, Mr. Taylor said that he felt a 
little sceptical about the author’s figures both in 
the present paper and in that previously presented, 
in relation particularly to the error involved in 
using little needles or cylinders in measuring screws, 
because the cylinder was canted according to the 
rake of the screw thread. In his earlier paper, the 
author had said that it was sufficiently accurate 
to consider the gauge as making contact at two 
points of an ellipse which had the section of the 

in the axial plane of the screw. He 

+ that that view, was physically wrong, The 
cylinder gauge might be put into threads of a 
screw and allowed to come to a stable position, and 
the only position it could occupy would be one in 
which its two points of contact were in a plane at 
right angles to its own axis; in any other position 
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it would want to go back. Since that plane could 
not coincide with the axial of the screw itself 
it appeared to be a physical impossibility that it 
could make contact with the screw at the two ends 
of an ellipse in the axial plane of the screw. 

w Mr. L. N. Burt, the next speaker, exhibited some 
illustrations of and described the Richard’s thread- 
milling machine. This machine was really a 
hobbing machine. In the cutter, teeth were 
formed on the helix of a thread, and the thread 
formed was copied on the work piece; there was 
no axial movement either of the cutter or work 
piece. Mr. Richard’s discovery was that of the 
gear by which he obtained a considerably greater 
number of cutting points than the number of teeth 
in the hob. The hub spindle was driven by worm 
gear, and at the same time as the worm revolved, 
it slowly moved backwards and forwards, but each 
forward or backward movement which would alter 
the arrangement, started from a different 
point. The result of the arrangement was that 
each tooth on the cutter met the work at a 
different. point on each revolution, so that in- 
equalities were smoothed out. The question of 
the correct form of tooth was usually a great 
difficulty, not yet overcome. To get over the 
point of interference with the helix, a cutter was 
formed from a hob that had been screw-threaded 
with as close an accuracy as possible. 

Mr. Burt regarded some of the difficulties men- 
tioned by the author as imaginery and not practical. 
It was far easier to solve the difficulties by a practical 
workshop method than to wrestle with Mr. Jeficott’s 
formulae. He did not consider that the author 
had carried the matter quite far enough. The 
theory was carefully, thoughtfully and laboriously 
handled, and was adequately boiled down, but the 
examples were not sufficient to show whether it 
was worth while working out the thread form from 
the figures. It might be that he was unable to 
appreciate the points as put, but he felt that there 
existed too great a tendency towards abstraction. 

&# The President remarked that he would like to 
say a few words from a professional point of view. 
He thought that possibly some members of the 
audience might not have clearly appreciated the 
difference between thread milling and thread hob- 
bing. The difference could be clearly illustrated 
by taking a couple of studs threaded for their full 
length. If these were rolled together on the table 
with their threads interlocked or so that both 
rotated, it would be found that there was no axial 
motion of one relative to the other, The studs, of 
course, rotated in opposite directions and the 
endwise movement of each neutralised that of the 
other. This action corresponded to thread hobbing. 
If, however, one of the studs were prevented from 
rolling, it would be found that the other travelled 
axially on it. This corresponded to thread i 

In thread milling the equivalent of a fixed tool was 
used. The thread was merely a ring round the 
tool. It was not cut at an angle. Multi-tools 
were formed with a series of such rings. 

Mr. J. E. Sears congratulated Mr. Jeffcott on his 
courage in tackling a piece of unpleasant mathe- 
matics. He believed the work would be useful, 
although he would have liked to see more practical 
cases worked out and numerical values given. 
He thought that in the case of a vee thread it 
would be found that the defect due to the inter- 
ference of a milling cutter with the external thread 
would be of a minor character ; 3 with the square 
thread, interference was a serious consideration. 
Apparently the parts of the mathematical curve 
which should generate the sides of the thread 
could not in practice be added to the cutter at all 
as they fouled the body of <he'screw being cut. 
Returning to vee threads, Mr. Sears observed that 
interference, small in the case of milling an external 
thread with an angular cutter, would be serious 
in the case of an internal thread. On the contrary, 
with the hobbing process, interference was serious 
in the case of the external thread, and only of slight 
effect in the case of the internal thread. 

Mr. Sears then referred to the question of optical 
er Mr. Jeffcott had spoken of the shadow 

. The whole problem had been closely 
ed at the N.P.L., but he was, nevertheless, 
eupaipeed to put forward a comprehensive theory. 


He was confident, however, that the majority of 
the results obtained were dependent, not on the | 
shadow but on the focussed image formed by the 
lens. The beam, although nominally a parallel 
beam, was not a perfectly parallel beam, because 
the original source was not a mathematical point ; 
it was an arc crater of some size. The light was 
consequently to some extent scattered and divergent. 
If one considered any point on a screw being 
examined, the light reaching it from a nearly 
parallel pencil was reflected by the bright surfaces of 
the screw and interfered with by parts of the screw 
in front or behind. That interference, however, 
did not from the point of view of optical projection, 
affect the image, for the reason that while a ray of 
light going towards the screen which might, further 
on in its path, find a part of the screw interfering 
with it, another ray, slightly inclined to the other, 
would find its way and contribute to the formation 
of the image. The image on the screen might be 
regarded as a proper representation of the dia- 
metrical section of the screw free from interference 
effects. 

Mr. H. H. Jeficott then replied to the discussion. 
He remarked that he regarded opposition as a stimu- 
lus to the promotion of knowledge. Mr. Taylor had 
criticised mainly Section 5 of the paper, that dealing 
with the particular case of a square thread formed 
with a parallel axis cutter. It was stated a little 
earlier in the paper that a perfect sharp rooted Vee 
or square thread could not be cut with the axes of 
the screw and cutter parallel. True, in Section 5, 
he had, by implication, indicated that he thought 
such a course possible. He had really worked 
out the general case for any angle of thread, and 
had wished to show, in Section 5, how the square 
thread angle might be treated as a particular case. 
He had not earlier in the paper set it out as a 
possible thing, as he felt that it came more appro- 
priately at the end of the general case. He had 
indicated—as there was a tendency to do in mathe- 
matical cases—how it might be applied in its 
generality to parallel threads. 

With regard to “ effective diameter ” and measure- 
ment by cylinders, Mr. Taylor had said that it was 
not right to say that it was sufficient to take a 
section of the cylinder in the axial plane and regard 
that ellipse as touching the sides of the threads. 
In his paper of 1907 the measurement problem was 
treated in all its generality, and there it would be 
found that the general case differed very little 
indeed from the assumption that the ellipse touched 
in the axial plane. That would be clear to Mr. 
Taylor when he looked at some of the later parts 
of that paper. Mr. Taylor had also enquired as to 
what was the “effective radius” of the square 
thread. He believed he had not used that expres- 
sion in his paper, and therefore would prefer to 
avoid attempting to define it. Mr, Burt’s descrip- 
tion-of the method of manufacture was interesting, 
coming from the shops, and from those who were 
concerned with the manufacture of modern plant. It 
should be borne in mind, in relation to the manu- 
facture of cutters generally, that when producing a 
cutter by the generating method, the cutter might 
not be precisely the same as the generating hob. 

The President alluded to the vast amount of 
knowledge existing on the screw and the vast 
amount yet to come, and remarked that he con- 
sidered the paper had been abundantly justified 
by the discussion. In closing the 
announced that the next general meeting would 
take place on Friday, April 28, when a paper 
entitled “An Account of Some Experiments on 
the Action of Cutting Tools,” by Professor E. G. 
Coker, F.R.S., and Mr. K. C. Chakko, would be 
read and discussed. 





RADIO-ACTIVITY. 

Ar the Institution, on Saturday last, 
Sir Ernest Rutherford, F.R.S., delivered the 
penultimate lecture of his course on the above 
aol Soja a alee 

two m etecting single 
particles. In the one case an electrical method 
was used; the entrance of a penal a particle 








* Reports of the lectures will be found in 
our issues of March 10, 17, 24 and 31, pages 299, 331, 
365 and 386. 





into a “ detector” causing vigorous movements of 
a string electrometer. On the other plan the impact 
of a single a particle on a photographic plate pro- 
duced effects which became visible on development. 

By the scintillation method due to Crookes such 
impacts could also be observed directly, and this 
method had been in general use during recent years 
for some most important investigations. Crookes 
had found that if a screen coated with zinc sulphide 
and exposed to the radium radiations was observed 
under a low-power microscope, points of light could 
be seen which came and went with great rapidity. 
Each flash was the result of the impact of a single 
a particle, and lasted but one forty-thousandth of 
a second, so that its momentary brilliancy must be 
exceedingly great. In using the method for serious 
work a little zinc sulphide was dusted on to a clean 
glass plate and observed through a microscope of 
about 50 magnifying power, the focal length in most 
cases being 12 mm. or 16mm. Before commencing 
such observations it was necessary to rest the eye 
for half an hour in a dark room, and matters were so 
arranged that during each minute an easily count- 
able number of a particles struck the screen within 
the field of view. It was important to have this as 
large as possible. With the early instruments used 
the number that could be seen averaged only about. 
5 per minute, and to get a dependable record the 
observations had to be extended over a long period 
of time. A special microscope giving a field of 
view of 40 sq. mm., had been made for Sir Ernest 
by Messrs. Adam Hilger, and with this the number 
of impacts visible might average 20 or 25 per 
minute. Since, however, the emission of the 
particles was governed by the laws of chance, the 
number seen per minute varied considerably. 
Thus if the average over a long period was 20 per 
minute, as few as 10, or, by exception, as few as 5, 
might be recorded in one individual minute, whilst 
the maximum number seen might rise to as much as 
35.' The error in estimating, from such observations, 
the total number of particles emitted varied in- 
versely: as the square root of the total number of 
observations made. 

Another method of detecting the effects of sirigle 
@ particles was due to Mr. C. T. Wilson, who caused 
the particles to pass through supersaturated air. 
The ions produced in the transit, served as con- 
densation nuclei on which the excess of moisture 
condensed and the track was thus marked out by 
droplets of water which could be photographed. 
An a particle from RaC which had a range of 7 cm. 
in air, would in this distance produce around its 
path about 235,000 pairs of ions, each of which 
served as the nucleus for a drop of water. These 
drops. were accordingly packed very close together. 
When a ‘similar experiment was made with 8 
particles the drops were much less densely crowded. 
The tracks of the a particles are shown in the 
upper ion of Fig. 26, whilst that of a 8 particle 
could be seen below. The photograph reproduced 
in Fig. 27 was obtained when a trace of radium 
emanation was mixed with the supersaturated air. 
The interesting point to note in this case was that 
at the commencement of the track there was visible 
@ minute trace due to the recoil of the atom from 
which the particle had been shot out. This trace 
was about 4 mm. long. 

In 1903 the speaker had, he said, started experi- 
ments to settle definitely the nature of the a particle, 


, he | to determine the velocity with which it moved and 


its kinetic energy. It was however, ten years 
before really satisfactory results were obtained, and 
in the meantime it had been shown by other methods 
that the a particle was an atom of helium carrying 
two positive charges of electricity. The velocity 
and energy of the particle were determined by 
it to traverse strong magnetic and electric 
fields. Any c particle moving through 
such fields was deflected from a straight path, 
familiar instance being the deflection of the cathode 
rays when a magnet Was brought near them. The 
plan adopted was to place a photographic plate in 
the path of a thin pencil of the rays. Where they 
struck the plate the silver could be reduced by 
development and by m i the distance 
between the impressions made when the field was in 
one direction and when it was reversed the deflection 
produced was determined. By thus measuring the 
deflections produced in fields of known strength we 
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could deduce the velocity of the particle and the 
ratio of its charge to its mass. It was, however, very 
much more difficult to obtain measurable deflec- 
tions of the a rays than of the 8 or cathode rays. 
For equal deflections the fields should in fact be 
10,000 or even 100,000 times as strong, and in 
practice even at the best it was only possible to get 
small deflections. Nevertheless the work had been 
done, and from the measurements made a useful 
approximate formula had been found connecting the 
velocity of a particle with its range in air at standard 
pressure and temperature. Thus if uw denoted the 
speed of the particle and R its range in centimetres 
we had the approximate relation 


u— kR 


Hence, if by interposing screens in the path of the 
particle we reduced the velocity with which it 
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entered the air to half its normal value, the range 
would be one-eighth the normal length. 

By causing the particles to pass through very 
strong electric and magnetic fields as above described, 
and measuring the deflections, it was found that for 
the a particle carrying two charges of positive 
electricity the ratio of pene was 4,823, whilst if 


the a particle were helium the value of this ratio 
as calculated from experiments on the charge 
carried by the hydrogen atom in electrolysis, should 
have been 4,826. The agreement between these 
two figures constituted a striking illustration of the 
accuracy with which the deflections of the particles 
by magnetic and electric fields could be measured. 
The particles of radium C had a range of 7 cm. in 
air, and careful measurements made by the speaker 
with the aid of Dr. Robinson, showed that the 
velocity was 1-922 x 10° cm. per second, or, say, 
20,000 km. per second. Knowing this value, the 
velocities of all other particles could be deduced 
from their observed ranges by the approximate 
formula already given, viz., 
2=—kR 

We thus knew the kinetic energies and approximately 
the number of ions produced by a rays of all ranges. 

















The heating effect due to the radio-active emis- 
sions had been measured by the apparatus shown 
diagrammatically in Fig. 28. In this diagram the 
lower part of the figure represents a Wheatstone 
bridge, in the upper arms of which are two 
platinum coils placed inside carefully lagged tubes. 
The arrangement is shown to a slightly larger scale 
on the left of Fig. 28, where the outer coil indi- 
cated is that forming one arm of the bridge. As 
will be seen, however, there is a second coil, which 
can be coupled up with an independent source of 
electricity, and used as.a heating coil for calibrating 
the apparatus. 

After balancing the bridge, radio-active material 
was introduced into one of the two tubes, and the 
energy of the a rays being converted into heat, 
warmed the surrounding platinum coil and increased 
its resistance. The rate at which heat must be 
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supplied by the heating coil to produce an equal 
effect was then determined, and in this way the 
production of heat by radio-active bodies could be 
accurately measured. The first measurements of 
this kind had been made by Curie and Laborde 
in 1903 ; a Bunsen ice calorimeter being employed 
to measure the rate of heat production, but this 
type of calorimeter was not suitable for accurate 
work. 

Good results could, however, be obtained by 
Dewar’s method of determining specific heats of 
bodies by dropping them into liquid oxygen and 
measuring the volumes of gas thereby liberated. 

Returning to the electrical method, if a tube 
containing the emanation were employed in the 
experiment an “ active deposit’ of RaA, RaB and 
RaC took place on the walls of the tube. The 
emanation could then be drawn off from the tube 
by connecting the latter with a bulb immersed in 
liquid air in which the emanation condensed. The 
Radium A transformed rapidly, and the subsequent 
heat production was nearly all due to Radium C. 
By experiments of this kind, the heating effect due 
to the a particles emitted by 1 gramme of various 
radio-active bodies had been found with considerable 
accuracy. The amounts developed by 1 gramme 
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of radium and its descendants are given below :— 
Heating Effect in Gramme Calories per 
Hour per Gramme of Radium. 
Body. 
a B y Total. 
Radium. . 25-1 _— _ 25°1 
Emanation 27°6 _— _ 27°6 
= é 30°5 _— _— 30°5 
um 39- , “5 50 +4 
Rethen C } 39-4 4:3 6-5 50°2 
Totals 123-6 4-3 6°5 134-4 

















It would be noted that the y rays from Radium C 
had quite a considerable heating effect. The direct 
determination of this was difficult, since to com- 
pletely confine these 7 rays it would be necessary to 
use a screen of lead 6 in. thick. The net result 
that 1 gramme of radium in equilibrium with its 
descendants liberated heat at the rate of about 
134-4 gramme-calories per hour was on the whole 
in good accord with what would be estimated from 
measurements of the kinetic energy of the 
a particles. It seemed, however, that the observed 
heating effect of Radium C was a little smaller than 
might be expected, and this matter required further 
investigation. 

That the a particle was an electrified helium 
atom had been suspected long before it was possible 
to make accurate measurements of the ratio of its 
charge to its mass. The first direct evidence of 
this was obtained by Ramsay and Soddy, with the 
apparatus indicated in Fig. 29. Some emanation 
was enclosed in a very thin-walled glass tube, and 
the space around it was exhausted. A spectrum 
tube was arranged at the top of the apparatus as 
indicated. The a particles shot out by the emana- 
tion were able to get through the very thin glass, 
in which the emanation was confined and collected 
in the vacuous space outside. Here the! a particles 
picked up two electrons and thus became elec- 
trically neutral. By raising the level of the mercury 
in the apparatus, the a particles were forced up 
into the spectrum tube and were found to show 
the spectrum of helium, when a discharge was 
passed. A slight indication of helium was obtained 
here after a single day, and in the course of a week 
the spectrum became very strong. 

Since every a particle was a charged helium 
atom, and as these particles could be counted, we 
could determine the rate at which helium was being 
produced by the explosion of the radio-active atoms. 
Thus each gramme of radium shot out 1-36 x 10" 
a particles per second. The number of helium 
atoms in a cubic centimetre of the gas measured 
at normal temperature and pressure was 2+74 x 10°, 
Hence the volume of helium liberated per year by 
a gramme of radium was 0-156 c.c. as measured 
at standard temperature and pressure. Corre- 
sponding figures for other radio-active elements 
were :— 

Cub. Mm. of Helium, 
per Gramme per Year. 


Uranium 2-75 x 1075 
horium oes _ oo» Bl & 107 
Uranium mineral in equi- 
librium coe oe coe 22 96.30°6 
Radium in equilibrium 158 


The number of « particles emitted by 1 gramme 
of uranium per second was 2+34 x 10‘, by uranium 
mineral 9-6 x 10 and by thorium 2-7 x 10‘. 

In certain compact old minerals the helium pro- 
duced could not escape. In carnotite, which was 
modern and not compact, little helium was found. 
The pitchblende of Joachimstal, which was rela- 
tively young also contained little helium, but 
1 gramme of Samerskite, which was a very old 
uranium mineral, had occluded in it 1-2 c.c. of 
helium per gramme. As this mineral contained only 
10 per cent. of uranium, there was over 10 c.c. of 
helium for each gramme of uranium present. 





Impact Tests or PorceLaIn.—In response to the 
demands of electrical engineers for a tough keramic 
insulating material, experiments were made by the 
Materialpriifungsamt near Berlin, and Dr. Felix Bi r 
tried impact tests which, we believe, are novel Ser too 
keramic industry. With the aid of a kind of Charpy 
7 hammer, he found that the law of similarity 

eld for bars ranging in diameters from 0-56 cm. to 
1-6 cm. The bars are not notched. The quenching 
of unglazed porcelain at 1,400 deg. C. was found to 
improve the impact strength of porcelain by 48 per cent. 
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418 ENGINEERING. [APRIL 7, 1922. 
air supply must have greater attention than}in the | engine exhausts when at sea and partially, at any rate, (ii) If one or more starting air valves in the cylinder 
7ase of a twin-engined vessel. by the auxiliary exhausts when in port. head hang open; _ : : , 

(7) The engine shall be capable of being readily| The subdivision of the requisite total Diesel electric| (iii) Or, if the e  manceuvring gear should jamb in 
manceuvred by one operator. passe capacity and the desirable margin to be | the six or three cylinders on air position and other means 
As with steam installations, so with motor machinery ; | legislated for is an interesting point. Sometimes two | not be immediately adopted to shut off the air. : 
the subject of the auxiliaries, both deck and engine:room, meee engines and in a number of twin-screw ships| As an example of the demand made upon the starting 
is only now receiving the attention deman by its |four have been fitted. In Table IV the actual electric | air storage capacity, two extracts from the log of the 
vital importance. With motor ships, the rival claims | loads on the motor-ship Pinzon under various conditions | motor-ship Pinzon are given (Tables V_ and VI) when 
of an electric or steam drive still form, and are likely to | have been . In general, three’sets are pre-|entering Dalmuir Basin and when navigating up the 
continue to prove, debatable ground. The alternative | ferred, one to be in action norm: at sea and in port, | Bilbao River in Spain. In . 5 is shown) m- 
of an electric engine room and steam-driven «eck | and two when maneuvring or working cargo fully, one | matically 10 minutes of intensive telegraph manipula- 
machinery is possible, and may commend itself in certain ing as a stand-by. T such sets of 50-kw. each | tion involving 10 starts of the main engine (extracted 
cases, In Table III is given a comparison of the con- | meet the case shown im the table, and only rarely does the | from the log given in Table V). There is one charac- 
sumption of fuel in similar vessels, one a steamer and the | minimum load fall substantially below half the power | teristic of these extracts and similar entries in the log 

TABLE IV.—Moror-Sarre Prvzon. Loap in Auxmiary DigsEt GENERATORS UNDER Vanious CONDITIONS. ‘9.5. M.S.“PINZON” 
Normal Mancuvring 
Sea Load. Load. Load at Port Load. 
Nominal Starting all 
ee Motor. of 
Maxi- Mini- Maxi- Mini- Machine. Maxi- Mini- 
mum. mum. mum. mum. mum. mum 
Slow 
h.p. kw. kw. kw. kw. kw. kw. kw 
One jacket-cooling pump .. pe 6 5-3 5-3 5-3 5-3 — — — Stop 
One piston-cooling and lubricating 
oilpump .. A én he 6 5-3 5-3 5-3 5-3 -- — _ Slow 
ora Pes iS i: ae Ss meee: 9 es 
n ‘ 3- 2- 3: 3-5 - 3: 2: 
Steering motor Seto 5-2 1-0 5-2 1-0 . - ; Half 
Fuel oil pump pe °% es 1°5 1°45 - - - - — 
Ballast pump _ “a 22 18-5 —- - _— 
Radiators .. = ‘ - 14-0 3-0 14-0 -- 14-0 — 
Manceuvring motor én - 4 3-75 3-75 —~ — - 
Auxiliary air compressor ; 80 66-0 28-0 80-0 - - q 
Windlass .. -# oa 50 41-6 60-0 ~ — (7278.€) Minutes. 
Forward winch, starboard 16 - ~ — 
Forward winch, port 16 14-6 14-0 ; p ‘ 
as — earbeard +4 - ny = .6. M.S."PINZON” DIAGRAMS OF STARTING. 
le " wt ° — 
Middle Winch’ Rerboard af +: s 4 a BS jp DEAL CONDITIONS BUT NOT MINIMUM AIR CONSUMPTION FOR START: 
Middle winch; port aft ca 16 i. cs i = 14-0 ais = 
Turning gear bee of +s 7 - a -- - - 6-1 ~ = 
Totalkw. .. ee os 59-85 23-2 151-25 46-85 - 72-2 22-6 8 SN 
20 \ 
S SS 
TABLE V.—Moror-Sar Prxzon.—Copy or Loe or ENGINE TELEGRAPH ORDERS CARRIED OUT ON s S SSS 
JANUARY 13, 1922, ENTERING DaLMurr Basin. i SS \N S SN 
oz. ne 7s. Tf: a4 3 eT @ 8 a 
Half ahead 4.57 Full astern 5.53 Slow astern 6.6°5 \ 
Slow ahead 4.59 Slow astern 5.53-1 Stop Se 6.7 ; _ veco . tr ; 
Half ahead 5.4 Stop... 5.53-5 Slow ahead 6.7°1 Time of Order given ‘Slow Ahead ‘or Slow Astern” 
Slow ahead 6.12 Astern slow 5.54 Slow astern 6.7-2 ; 
Stop... 5.14 top. 554-5 Pull astern 6.7°5 : FOR 
Slow ahead 5.15 Astern slow 5.55 Slow astern é 6.7-5 
Half ahead 5.26 op es 5.55-5 Stop os ° 6.7 -6 
Slow ahead 5.26°5 Slow ahead 5.56 Slow ahead : 6.7-7 
Half ahead 5.37 Stop nf 5.59 Stop =e 6.8 
Slow ahead 5.40 Slow astern 6.0 Slow astern 6.8-5 
Stop oe 5.46 Stop ae 6.05 Sto = 6.8-6 
Slow ahead 5.47 Slow ahead 6.1 Half astern 6.9 . 
n= - 5.48 Stop _ 6.2 Slow astern 6.9-1 ‘ 
Full astern 5.48°5 Slow ahead 6.4 Pp ° 6.9-2 
Slow astern 5.50 Stop. 64:5 Slow ahead 6.9°5 § 
Ahead slow 5.51 Slow ahead 6.5 Stop 6.10 
Full astern 5.51°5 Stop oe 6.5°1 Slow ahead os os 6.12 Ss 
Slow astern 6.52 Slow astern 6.5°5 Sto we se 0% -- 6.12-5 
Stop « ¥ .. 652-5 Full astern > 4. 68 Finished with engines .. »- 6.15 3 
TABLE VI.—Moror-Sar Pinzon.—PRocEEDING TO BILBAO FROM PORTUGALETTE, FEBRUARY 1, 1922., & 
onds. 
A.M. AM. A.M. ’ ee as 
Stand by.. 3.5 Slow ahead 4.34 Stop... 5.5 (1278.4) Time of Order given'Slow Ahead or'Slow Astern” 
Slow ahead 3.20 Stop ee 4.344 Slow ahead 5.6 
sa a oer $8 BP esi $4 | which reference might! be mado, and, shat "th 
Stop # 3.34 Slow ahead 4.36 Stop es 5.8} | Prevalence of the repetition of the motif, ‘‘slow ahead, 
Slow ahead 3.35 a .: 4.38 Slow ahead 5.10 | Stop, slow ahead, stop” (see particularly Table VI), 
Stop ¥ 8.354 Slow ahead 4.39 Pp 4 5.11 having the effect of propelling the ship by repeated 
Stop ahead = ~— wack = pte ahead eo thrusts rather a by a sustained effort. It?might be 
‘ ¥ ; ahe: . +: 9. suggested that"the minimum sustained power possible 
Slow ahead 3.40 Sto ee 4.42 Slow ahead 5.15 ‘ . : . . A + 3 
Stop ¥ 412 Slee send 4.43 Stop a 5.15¢ with the main Diesel engine is excessive. This is not so. 
Slow ahead 414 Stop. 4.44 Slow ahead 5.16 |The engine has been run for considerable periods at 
Stop a 4.17 Slow ahead 4.45 5.16} 24 r.p.m., corresponding to a maximum speed through 
Slow ahead 4.18 Stop re 4.46 Slow ahead 5.17 | the water of 2-5 knots, when full way has been obtained, 
Stop +s 4.18} Slow ahead 4.47 5.18 | and a piston speed of 150 ft. per minute, giving a ratio 
Slow ahead 4.19 Stop “> cart Slow ahead 5.18 of maximum to minimum piston speed, or ed’ of 
Son ehesd .os — =: oe Sigg |Tevolution of 122-5/24 or 5-2 to 1. It is difficult to 
Stop ze 4.26 Slow ahead 451 Stop f 5.20 «| foresee any substantial improvement upon this result, 
Slow ahead 4.28 Stop ran 4.52 Slow ahead 5.21 @ | Since regular firing of the very minute charges of oil fuel 
Stop + 4.284 Slow ahead 4.53 Full ahead 5.21¢ | can hardly be expected at a lower piston speed, without 
Slow ahead 4.29 Stop ra 4.54 ep ‘ 5.22 | some substantial increase in peuapliedtions as would be 
Stop *: 4.29 Slow ahead 4.57 astern 5.26 | involved, for instance, by preheating the induction air. 
Stow ahead 42 Sop... 4.50 Stop... 5.264 This extremely and exceptionally | ed of piston 
Stop .. 4.30: Slow ahead 5.1 Halfahead .. 5.27 beer aces tow pe heen. ny = 
Slow ahead 4.32 Stop. 5.4 pe ee 5.27 | Of 150 ft. per minute is attained by correct combustion- 
Stop 4.32 Slow ahead 5.4 Finished with engines 5.44 | Producing means, and by the fitting of a flywheel with 
suitable momentum effect. As is now recognised by 
other a motor ship, on the same trade. The total consump- | of one unit, a proportion desirable for good working | Lloyd’s Register, the fitting of a fully proportioned 
tion of coal is five times that of oil (by weight) for a wh conditions with such machines. It is seen that the | flywheel isolates the thrust, mtermediate and propeller 
voyage, including consumption in port, and is achieved | maneuvring load is the highest, even when it may be | shafts from the variation of engine-turning moment. 
by the utilisation of all electric machinery for deck and pipes ge that the re roma compressor is slowed down | The crankshaft is also equally protected from shocks, 
engine-room auxiliaries, deriving current from Diesel- | if when the windlass load comes on, and that the | which might otherwise be transmitted from the propeller. 
driven auxiliaries. With steam auxiliaries on the motor | radiators may be cut out if necessary. The mancuvring | Such a flywheel has no deleterious effects when starting 
ship, on this trade, the fuel consumption would only be | load comes within the capacity of two generators. The| up or reversing. Momentum is first given by an elastic 
one-third (not one-fifth) that cf the steamship. greatest individual load is the auxiliary comp di -compressed air—and during a pot, be reversal 
Table IfI emphasises clear.y the importance in a — to make up starting air. This machine is of | which can be carried out in less than 10 seconds, with 
steamer of the fuel consumption attributable to the| sufficient capacity to supply the main with | full way on the ship, the starting air on being admitted 
auxiliaries generally, and in such conditions as in a| injection air at power in emergency, both the | astern, if the engine compression has not already brought 
coasting trade, in particular, the fuel consumption of | main i iven injection compressors be out of | the engin e to a stop, gently pulls the engine up, and 
the deck machinery. Whereas at sea the ratio of coal | action. gives the initial impulses in the opposite direction. 
to oil for all purposes is 4 to 1, in port this ratio is over} The conservation and replenishment of starting air| The diagrams (Fig. 6) show the only remaining justifica- 
10 to 1 if fires are “ banked.’ A small oil-fired boiler | is a subject of vital importance with internal-combustion | tion with modern Diesel engines for the charge of lack of 
is generally ae for the heating of the accommodation | machinery, as the ability to mancuvre the ship is lost | flexibility. When starting up, especially with a view 
and of the oil fuel, although the former can be carried | if a sufficient quantity and pressure of air is not always | to doing so on the minimum expenditure of compressed 
out by electric radiators, and if only a small quantity | available to start the main engine. Apart from the air, fuel injection is commenced early, and the engine 
of oil is carried, exhaust gases can be utilised for heating | subject of conservation, sonngnelie rapid replenishment | accelerates to “‘ half speed ” before retarding to “slow.” 
it. There is probability of the general adoption in future | must be arranged for, as it is possible for a large quantity | The total amount of impulse given to the ship is, there- 
of a reasonable utilisation of waste heat with Diesel | of air to be lost, as, for instance :— fore, approximately twice the ideal. The reconciliation, 
marine installations, whereby oil fuel and accommo-| (i) If the exhaust valve of the eylinder into which | therefore, of the two somewhat conflicting aims of 
dation heating can be carried out entirely by the main | starting air is being admitted should be hung open. minimum compressed air used and minimum speed of 
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revolution during ing, without undue complication 
of the manceuvring gear, is worthy of close study. 

It will be found with every type ofengine that there is 
a pressure of compressed air most suitable for starting 
with the minimum expenditure of air storage energy. 
Curves in Fig. 7, show some records and indicate 
that with pressure between 250 Ib. and 350 Ib. per square 
inch the loss of air isa minimum. Whatever the storage 
pressure—500 lb. per square inch with the Pinzon—a 





reducing valve to ensure that the p on the eng 
side of the air supply is not greater than 350 Ib. per 
square inch, or other means such as on one of 


a number of reservoirs, will facilitate the 
of air. 

To consider the replenishment of the storage, Appen- 
dix I gives data obtained. Making the assumption that 
one start per minute will be the maximum required, 
over any appreciable —_ of time, and as the receivers 
fitted have a capacity of forty starts without recharging 
which will cover any exceptional number of starts 
called for during a short period—it is shown, and has 
been proved in practice — 

(1) Neglecting the excess injection air from the main 
engine amounting to 2 cub. ft. of free air per revolution 





Fig.7. M.S."PINZON" 


AMOUNT OF STARTING AIR USED BY 
MAIN ENGINE, AT VARIOUS PRESSUR 
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of the main engine, there is available air storage and 
means for replenishment capable of sustaining one 
manceuvre per minute continuously. 

(2) If the main engine makes 75 revolutions each move, 
its excess injection air on being tapped off to the starting 
bottles will restore what has been taken for the start. 

Analysing a number of logs of “ stand-bys,” it is found 
that the average of one manceuvre per minute is not 
exceeded. The average “‘ move,” however, is of much 
less than 75 revolutions, so that actual conditions are a 
combination of (1) and (2) above, but condition (1) must 
be satisfied in order :— 

(a) To give a stand-by in case of breakdown, with the 
main engine injection compressors, . 

(b) To cope with the demands for air for starting 
during a short spell of mancuvring, calling for more than 
one move per minute, if air has been lost for any reason. 

(c) To supply starting air when the main engine in- 
jection compressor is either out of action or is i 
inefficiently and giving no excess air to the starting 
receivers. 

In regard to the actual handling of the engine, see 
No. (7) above, the method of operation and the nature 
of the gear required will be clear from an inspection of 
the perspective diagrammatic arrangement given in 
Fig. 8 The starting and reversing of an engine 
operating on the 4 inci have been 
to the simplest terms, nt with operation from the 
usual starting platform. Whatever may be permissible 








with a twin-screw ship, it is considered essential with a 
single-screw installation that the controls should be on 
the engine-room floor level, and the major portion of the 
gear (as illustrated in Fig. 8) serves to bring the controls 
to the usual location. The simplicity of moving the 
rollers fore and aft, instead of the camshaft, will be 


jiated. 

starting up the hand lever A controlling the starter B 
of the 5 b.h.p. electric motor C driving the fulcrum 
shaft D through the media of spur gearing E, spiral 
aring F, to which hand wheel the ed of revo- 
fosion of this shaft being suitable—is clutched for hand 
Spay sgege tes ed 
of the ine by ing one- revolution of the 
fulcrum shaft D. The valve-operating levers K are 
eccentrically mounted on the fulcrum shaft D, the rota- 
tion of which causes their roller ends, for starting, to be 
depressed on to, or for stopping, raised from their 
respective cams, L for ahead I, for astern. This 
lewering or raising of the roller ends of the valve levers K 
is carried out in such a sequence, as controlled by the 
angle of the eccentrics, to cause the order of starting to 

be as follows :— 

Stop—all rollers clear of cams. 

Six cylinders on air-—six air valve rollers on cams. 

Three cylinders on air; three cylinders on fuel— 
three air rollers raised and three fuel rollers depressed. 

Six cylinders on fuel—three remaining air rollers 
raised and three remaining fuel rollers ressed. 

In reversing the hand lever a, through the medium 
of links and levers, causes fore and aft movement of the 
reversing shaft b, upon which forks c are mounted. 
Fore and aft movement of this shaft 6 pulls the rollers 
along their pins in the wide fork end of the levers K 
from opposite the ahead cams such as L to opposite 
the astern cams such as L or vice versa. A disc d, 
with a gate, is keyed on to the fulcrum shaft D, through 
which pointer e must pass before the rollers can be moved 
fore and aft for reversal. The gate in the disc d is only 
opposite the pointer ¢ when the valve gear is in the stop 
position, ¢.e., all the rollers are clear of the cams, This 
is the only interlockment in the gear. 

Single-screw Diesel machinery for the average cargo 
carrier will be much developed in the near future, and the 
lines of design which will be followed will tend decreas- 
ingly to demand a compromise between the best pro- 
peller and a smaller and more compact engine, van 
with the r ships. Speeds of revolution will become 
standardised as with the steam engine, and longer 
stroke engines will be built. The weight of machinery, 
the space occupied and the cost will be greater, which will 
be more than compensated for by the extra accessibility, 
a built-up crankshaft and a considerably better average 
propeller performance. 





yw Canes “ 
APPENDIX. 

Motor-Ship Pinzon.—Data relating to compressed air— 
time to start from conditionally “‘ No air in ship.” 

(a) When running the emergency compressor of 
12 cub. ft. per minute swept volume. Time to fill 
one blast bottle and one starting bottle for auxiliary 
generator engine to 800 lb./sq. in. = 26 minutes 50 
seconds ; 1,000 Ib./sq. in. = 35 minutes 30 seconds. 

(6) When running the auxiliary compressor. Time 
to fill one starting air reservoir to 500 lb. /sq. in. = 19-5 
minutes. Additional time to stop up one blast bottle 
from 500 Ib. to 1,000 Ib./sq. in, = 2-5 minutes. 

(c) Air available when manmuvring main engine. 
Air from one main engine-driven compressor—the other 
being sufficient for blast supply = 2 cub. ft./rev. Excess 
air from auxiliary engines (estimated at one-third of air 
made) = 27-5 cub. ft./min. From auxiliary compressor 
= 176 cub. ft. 

(d) Assuming no air is taken from main compressors, 
we have 174 cub. ft. free air per minute available. This 
is equivalent to approximately 7 cub. ft. air at 350 lb. 
per square inch per minute. ‘The main engine uses from 
5 cub. ft. to 7 cub. ft. of air at 350 lb. per square inch per 
start or reversal, so that there is sufficient air available 
to allow of one mancuvre per minute continuously, 
neglecting any surplus air made by main engine. 

(e) Seventy to 75 revolutions of main engine supply 
air for each mancuvre (one compressor used wholly 
for blast), so that if the main engine is allowed to make 
75 revolutions for every manceuvre the starting air can 
be maintained by the main engine without using any 
auxiliary supply. 








CORROSION OF FERROUS METALS.* 
The Preparation of the Various Ferrous Metals used in the 
Corrosion Research of the Institution of Civil Engineers, 
together with their Physical and Mechanical Properties, 
and some General Considerations on the Subject of 
Corrosion. 
By Sir Rosert Assorr Haprietp, Bart., D.Sc., D.Met., 
F.R.8., M.Inst.C.E. 


Parr I. 


In 1916 a committee was formed of members of the 
Institution, under the chairmanship of the late Sir 
William Matthews, K.C.M.G., to investigate the subject 
of the deterioration of structures exposed to sea action. 
An important part of the committee’s investigations 
related to the subject of the corrosion of structures 
involving the use of ferrous metals. The author was 
consulted as to the most desirable materials for testing, 
and recommended the various types described in the 

r, planning and arranging the composition of the 
rent steels. The investigation comprised 14 types 
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of ferrous materials, divided into | four main sections :— 
Section I.—Jrone (Rolled and Forged). 

(a) Wrought iron. 

(b) Swedish charcoal iron. 

(c) “‘ Armco ”’ iron. 
Section II.—Carbon Steels. 

(a) Mild steel with low manganese and high sulphur 

b) Mild steel with 0% 

(6) Mild steel with 0-70 per cent. manganese. 

(c) Medium carbon steel with low sulphur and 





hosphorus. 
(d) Carbon steel containing 0-40 per cent. carbon, 
Section ITI.—Special Steels. 


(a) Mild steel with 0-50 per cent. copper. 
(6) Mild steel with 2 per cent. copper. 
(c) Nickel steel containing 3-50 per cent. nickel, 
(d) Nickel steel containing 36 per cent. nickel. 
(e) Chromium steel containing 13-50 per cent, 
chromium (known as non-rusting steel). 
Section IV.—Cast Irons. 


(a) Cold-blast cast-iron, 
(6) Hot-blast cast-iron. 


These are represented by 1,330 separate specimens, the 
dimensions of which were fixed by the committee ; viz., 
24 in. long, 3 in. broad, and 4 in. thick. Nine hundred 
and fifty-five of these have already been allocated by the 
committee. The materials were prepared in the “as 
rolled ” condition, but to obtain evidence of the effect 
of the oxide skin produced in rolling, and additional set 
of specimens was prepared in the case of two of the 
carbon steels. One bar of each material, excepting the 
cast-iron specimens, was heat-treated so as to obtain 
representative test data of their best possible physical 
a 

The following tests were carried out under the author's 
direction at the Hadfield Research Laboratory, Sheffield, 
on a total number of 182 test-pieces :— 


(1) Analyses for all the elements present. 

(2) Tensile tests on test-bars cut in the longitudinal 
direction. 

(3) Frémont shock tests in both longitudinal and 
transverse directions. 

(4) Izod shock tests in the longitudinal direction. 

(5) Brinell hardness numbers. 

(6) Photomicrographs in both longitudinal and trans- 
verse directions. 

(7) In the case of a certain number of tensile test-barse 
from the various specimens, detailed elongation figures 
were obtained, partly with a view to ascertain the effect 
of strain on the corrodibility of the different types of 
material. Some data are given for “Armco” iron 
which forms one of the series, showing that the strained 
material is more subject to acid corrosion than the un- 
strained. One set of test-bars is to be immersed in 
the sea at Plymouth to see if the mechanical properties 
are impaired after a long immersion. The micrographic 
examination affords an mae = A to oie the 
action of corrosion from the point of view micro- 
structure. 


The nature, chemical composition, and other qualities 
of the various materials and specimens employed in this 
research are discussed. In the case of the non-rusting 
steel included in the series, data are given which show 
that the resistance of this steel to corrosion when almost 
constantly wetted by sea-spray depends on its physical 
constitution. 

The allocation of the specimens to the different testing 
centres is referred to, and the methods adopted for 
identification are described. 


Parr II. 


The author discusses the various theories of corrosive 
action and the behaviour of special materials, and refers 
to the work of previous investigators, specially those 
concerned with materials of a similar nature to those 
included in the present research, 

The influence of copper on the resistance of steel to 
corrosion is considered, including the research work in 
this direction by various investigators in England, 
America and Germany. In the author’s opinion, the 
beneficial effect of copper has not yet been fully estab- 
lished, and the addition of copper to steel for the p 
of preventing or mitigating corrosion would not generally 
be advisable. 

Examples are given of special steels possessing high 
resistance to corrosion. During the war a large number 
of diaphragms used in connection with submarine work 
was made of rustless steel by the author's firm. The 
diaphragms were placed in the hull of the submarine 
several feet below the water line, and proved immune 
from sea-water corrosion under these severe conditions, 

Some specimens of historical interest, showing high 
resistance to corrosion, are described. 

The author calls attention to the w: of the world’s 
iron and steel from corrosion, the full extent of its 
ravages being only realised when an attempt is made 
to estimate them. The world’s output of iron and steel 
during 1860-1920 is estimated at 1860,000,000 tons, 
of which 660,000,000 tons may be considered lost by 
rusting in use. For the year 1920 the loss by rusting 
in use is estimated at 29,000,000 tons, and for that year, 
with steel at 201. per ton, and after making allowances 
for proiection, &c., the annual cost of was was 
probably over 700,000,000/. sterling. Itis hoped that the 
paper will arouse more attention to the subject and create 
greater interest in the production of alloy steels having 
the capacity of resisting corrosion. 

The author emphasises the indebtedness of the Insti- 
tution to the nt of Scientific and Industrial 
Research for their generous help, 
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GYROSCOPE FOR INSTRUCTIONAL 
PURPOSES. 


Ix the simple form of gyroscope usually employed 
for demonstration purposes in étacationial establish- 
ments it is only possible to show that precession occurs 
when a torque is applied in the plane at right angles 
to the plane of rotation of the gyroscope wheel. 
Measurements and calculations to show the connection 
between the applied torque, the angular velocity of 
precession and the angular momentum of the wheel 
cannot be made because no convenient means are 
available for determining the angular velocity of the 
wheel. This objection, which is certainly an important 
one from an educational point of view, has been 
obviated in the instrument illustrated in the accom- 
panying engraving by fitting a continuously-indicating 
tachometer to the spindle carrying the gyroscope wheel 
so that the rotational speed of the latter can be seen 
at any time. 

This instrument has been constructed for the 
Birmingham University by Messrs. Salterns, Limited, 
Parkstone, Dorset, and as its design is clearly shown in 
the illustration but little explanation will be necessary. 
As will be seen, the gyroscope wheel is mounted in a 
ring at one end of a bar, which is supported by a pivot 
on an adjustable tripod stand and has an overall length 
of 28 in. The tachometer is mounted on the bar as 
closely as possible to the pivot and its weight, together 
with that of the ring and gyroscope wheel, is balanced 
by a ball which can be clamped in any position on the 
bar on the opposite side of the pivot. In making an 
experiment the instrument is first carefully balanced 
with the wheel at rest and after removing the apparatus 
from the pivot support, the ball is moved along the 
bar for a measured distance, which, since the weight 
of the ball is known, enables the applied torque to be 
ascertained. The wheel is then run up to speed by 
applying to the spindle the edge of a rubber or leather 
disc mounted on an extension of the shaft of a small 
electric motor. By this means very high speeds can 
be obtained, and as but little power is absorbed by the 
tachometer and other frictional losses, the wheel will 
continue to rotate for from 10 minutes to 15 minutes. 
The wheel, it should be mentioned, is of bronze, 6 in. 
in diameter, and weighs 6 lb. ; the experimental deter- 
mination of its moment of inertia would itself form an 
instructive exercise for students. When the apparatus 
is replaced on the pivot, the speed indicated by the 
tachometer is noted, and the rate of precession observed 
by taking the time required to complete a certain 
number of revolutions. By again reading the tacho- 
meter, the mean speed of the gyroscope wheel during 
the experiment can be obtained. All the quantities 
required for substitution in the formula T = IQ w 
are thus known and the accuracy of the formula can 
be demonstrated within the limits of experimental 
error. In this formula, for a simple proof of which we 
would refer our readers to page 797 of our eighty-ninth 
volume, T is the applied torque, I the moment of 
inertia of the wheel, @ the angular velocity of the 
wheel and w the angular velocity of precession. In 
applying it consistent units must of course be employed. 

he total weight of the whole apparatus illustrated 
is 25 lb., but a smaller instrument with a gyroscope 
wheel 4 in. in diameter and intended to be started up 
by hand, is also made. Messrs. Salterns also manu- 
facture an improved form of the more usual type of 
double- bal gyroscope with a 6-in. wheel running 
in ball ‘bearings. and another of their products is a 
mono-rail gyrostat fitted with steel-grooved wheels 
for supporting the apparatus on a wire. A steel knife- 
edge is also furnished with the latter type so that 
experiments can be carried out on a flat surface. Finally 
we may mention that the firm construct an electrically- 
driven gyrostat with which a great variety of experi- 
ments, including the demonstration of the earth’s 
rotation, may be made. 





INDUSTRIAL NOTES. 

Stxce our last brief account of the difficulty in the 
engineering industries, conferences have continued 
unremittingly of each side separately, of both the 
employers and the men together and with members 
of the Cabinet, but the situation appears to get 
more involved as time goes on, and as discussion 
follows discussion. Early in .he week divergence of 
opinion commenced to manifest itself between the 
representatives of the Amagamated Engineering 
Union and those of the other unions implicated in the 
dispute. A memorandum signed on the Ist inst., 
stated, briefly, that both sides should recognise the 
rights and functions of each other, the employers 
insisting, however, that they should have the right to 
make any alteration in workship practice, and that 
pending any negotiations regarding a dispute the 
orders of the management should be observed. This 
offer was subjected to lengthy discussion by the unions’ 
representatives, and it was stated that several of them 
appeared prepared to accept it. The situation was then 
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taken in hand, last Tuesday, by the Prime Minister, 
who, it is reported, put proposals before the unions ; 
the representatives of the Amalgamated Engineering 
Union declined to entertain these proposals, but they 
were accepted by the delegates of the 47 other unions 
whose lock-out notices, due to expire yesterday, were 
therefore suspended. The course of events down to 
Tuesday night is given in a statement then issued by 
Mr. J. T. Brownlie, the president of the Amalgamated 
Engineering Union, which says: “The Negotiating 
Committee have had several interviews with the Prime 
Minister to-day (Tuesday), at which the position of the 
respective groups was explained. The Prime Minister 
afterwards interviewed the employers and explained 
to them the point of view of the unions. The con- 
ference of unions subsequently further considered the 
memorandum of April 1 signed by Sir Allan Smith and 
Mr. Arthur Henderson on their respective group con- 
ferences, with the result that the Engineering and 
Shipbuilding Federation, the National Union of 
Foundry Workers, and the National Federation of 
General Workers agreed to go into conference with the 
employers on the basis set out in the memorandum of 
April 1.” This memorandum is briefly referred to 
above. The representatives of the A.E.U. are still 
opposed to the proposals, and the members remain 
locked-out. Dr, Macnamara, Minister of Labour, an- 
nounced in Parliament last Wednesday that the 
negotiations would be taken up again on the 
10th inst. 





In regard to the difficulty in the shipbuilding in- 
dustries, the figures of the ballot of the men is now 
known, and they show that 26,451 voted in favour of 
acceptance of the war-bonus reductions by 10s. 6d. from 
March 29, and 6s. from the 26th inst., whilst 87,026 
voted against, or a majority against of 60,575. The 
total number of voters is therefore 113,477. The former 
ballot result, which we recorded on page 259 ante, 
was as follows: In favour of acceptance of the with- 
drawal of the 26s. 6d. war bonus in two instalments of 
16s. 6d. and 10s., 11,062, against 113,547, or a majority 
against of 102,485. The total number of votes of this 
former occasion was 124,609. On both occasions, 
therefore, less than one-third of the men recorded their 
vote. Last Tuesday, the men had been idle for one 
week, and the stoppage of the yards is to continue ; 
meetings are, however, proceeding, and it is hoped 
that a compromise may be arrived at. 





The secretary of the London Iron and Steel Exchange, 
Limited, states that quiet conditions have again super- 
vened in the iron and steel trades, and at the weekly 
meeting of the Exchange on Tuesday a general attitude 
of caution was in evidence. The industrial difficulty 
has checked the revival of confidence which a short time 
ago was one of the most encouraging features of the 
situation, and the tendency now is to wait until the 
outlook becomes clearer before entering into commit- 
ments. This particularly applies to the home trade, 
which has begun to feel the pinch of the restriction in 
demand occasioned by the engineers’ dispute. The 
export trade has been somewhat brighter of late, and 
although buying from Japan has fallen off the Indian 
market has improved. Merchant business, however, 
has to be done at cut rates and a good many potential 
orders fail to mature owing to the narrow limits 
im by buyers. The industrial situation in 

ium is preventing competition of a serious nature 
from the iron and steel manufacturers of that 
country, and French export prices are generally too 
high to be attractive to buyers. The English works 














best of the overseas 


are therefore taking the 
business in rolled material that comes into the market. 
Continental competition, however, is more pronounced 
in the case of railway material, and recently the 
Belgians with the assistance of cheap freights from 
Antwerp have managed to secure some interesting rail 


orders. 





Sir Robert Hadfield who was unable to preside, 
owing to-illness, at the annual general meeting of 
Messrs. Hadfields, Limited, on the 3rd inst., sent a 
statement for reading at the meeting. In this state- 
ment, Sir Robert said he watched very closely the 
American trade and technical journals dealing with 
iron and steel production. America was experiencing 
a very bad time, probably and proportionately even 
worse than that which ruled here, for the very growth 
of the United States turned upon a full use of iron and 
steel. At one time American production dropped to 
the unprecedentedly low rate of about 12,000,000 tons 
to 14,000,000 tons per annum, about one-third to one- 
fourth of its normal production, and this for a country 
having more than twice our population. Sir Robert 
quoted an example from that country, as it concerned 
a firm very much of the nature and size of Messrs. 
Hadfields, also making similar classes of products for 
Government and commercial requirements of the 
highest quality. In 1921, this firm, it was stated, lost 
no less than 5,000,000 dols., and the reduction in their 
surplus amounted to over 38,000,000 dols. This gave 
some idea of the severity of the times. The iron and 
steel industries throughout the world had felt the 
depression most acutely. The British output of 
pig-iron dropped from 8,000,000 tons in 1920 to 
2,500,000 tons in 1921. The steel output from 
9,000,000 tons to 3,500,000 tons. These figures com- 
pared with 10,250,000 tons of pig-iron and 8,000,000 
tons of steel produced by Great Britain in 1913. The 
strange tact was that notwithstanding this acute 
depression the world wanted and must have iron and 
steel on a large scale. A well-known American authority 
stated that the world to-day was short of no less than 
200,000,000 tons of iron and steel. There must there- 
fore be a large demand before long, or modern civilisa- 
tion will receive a check, for the world’s progress 
depended on ample supplies on a much greater scale 
than the present production. 

Whilst it was true that the severe times through which 
we have passed had made us more careful and more 
economical, yet to economise in the proper and in- 

use of metal was a fatal mistake. America 
saw this, and was right in pushing the use of steel 
of all kinds for new pu It might be of interest 
to point out that 1,000,000 tons of steel were worked 
up yearly for motor cars in the United States. 





According to an official return dealing with the 
membership of the National Union of Railwaymen, the 
present total number of members is 386,115, or a 
decrease of over 70,000 as compared with the total for 
1920. The Railway Review states that following the 
application of the Scottish railway award to the 
English and Welsh railways, railwaymen’s wages 
generally, have been decreased by 4s. per week from the 
Ist inst., under operation of the sliding scale. The 
full reduction only operates where 4s. or more were 
being paid over and above the basic rate. In cases 
where there was not the 4s., such as in that of the 
firemen, whose wages were only 1s. above their basic 
rate, the amount above the basic rate is taken off. 
In the case of drivers, the reduction brings their wages 
down to the basic rate. 
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THE use of the electric furnace for the manufacture 
of steel is being greatly developed in Italy, in which 
country it was introduced in 1898 by Stassano. The 
Italian establishments which own electric furnaces 
now number about 50, among which are steel 
works of primary importance. There are at the 
present time in Italy about 180 electric furnaces for 
the manufacture of steel. Of this number, approxi- 
mately 100 are small furnaces of 1 ton, which work 
only a few months during the year; in- Northern 
Italy, however, in proximity to the Alps where the 
current is produced by hydro-electric plants, the electric 
furnaces are of large capacity, and these for several 
months of the year take the place of open hearth 
furnaces even for the manufacture of steel for ordinary 
purposes. Several steel works, such as those of 
Dalmine, and various steel foundries, such as the Fiat, 
run the whole year round with electric furnaces, the 
former manufacturing steel for tubes, and the latter 
using the steel for castings. 

There are at the present time in Northern Italy 
22 Héroult 15-ton furnaces and 10 Héroult 5-ton to 
8-ton furnaces; there are besides a number of electric 
furnaces of different types, together with 6 Fiat 5-ton 
to 6-ton furnaces at the Fiat Cast Steel Foundries, and 
4 Fiat 20-ton and 6 Fiat 6-ton and 3-ton furnaces at 
the Ferriere Piemontesi, Turin, which belong to the 
Fiat Company. 

Taking Piedmont and Lombardy together, these two 
provinces own over 90 electric steel furnaces having 
a total capacity of about 450 tons, which if they ran 
continuously would have a total electric steel output 
of 500,000 tons annually. These furnaces are used 
exclusively for melting down steel scrap which, for the 
major part, is obtained in Italy, and when the con- 
tinuous running of the installations is ensured, an 
industry will be started on the basis of home products 
exclusively. 

Among the more recent types of electric furnaces, 
the Fiat furnace deserves more than a passing reference. 
It was designed by the Fiat Company during the war, 
and gave from the outset satisfactory results which 
led to the putting down of a large steel works having 
a capacity of 150,000 tons of steel per annum. The 
Fiat electric furnace has been in constant operation 
for the last five years at the Fiat foundry, Turin; it 
has been repeatedly improved in matters of detail, 
and is patented in all the more important countries. 
It has, moreover, been put on the market by the 
Ufficio Commerciale Forni Elettrici Fiat, Turin. 

The furnace, illustrated in Figs. 1 to 5 on the present 
page and on page 424, is of the three-phase type, 
having a hearth slightly conductive, neutral and con- 
nected to earth. This particular furnace has a 5-ton 
capacity. Fig. 1 is a diagrammatic view illustrating 
the Fiat “economicer” referred to later. The 
furnace is cylindrical in shape, having a concave 
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bottom, built up of mild steel plates strength- 
ened by flats and section bars. Two curved runners 
(Fig. 3) are fitted to the bottom, enabling the furnace 
to be oscillated backwards and forwards on two flat 
paths at the top of the furnace foundation. A built-up 
ring is carried on the top of the furnace proper and 
surrounds the furnace roof which is of silica bricks and 
easily removable. Four stirrups are fixed to the sides 
of the furnace outer casing, two on each side, for taking 
a lattice frame (Fig. 1); this carries the furnace 
superstructure, which includes in the main three Fiat 
“economisers”’ or electrode holders. Two openings 
are made in the furnace on opposite sides, one being for 
inserting the charge and for slagging and the other for 
teeming. The furnace is oscillated by two hydraulic 
oscillating cylinders shown in Fig. 3. 

One of the characteristic features of the Fiat furnace 
is the Fiat ‘‘ economisers ’’ or electrode holders, which 
completely close the furnace roof. A great dis- 
advantage in ordinary types of electric furnaces is the 
open gap round each electrode where this enters the 
furnace roof. Air is free to enter and gases to escape 
through this gap, leading to the burning of the electrode 
not only at the part which is inside the furnace, but 
also at a height of 30 cm. or 40 om. (11 in. or 15 in.) 
above the roof. In these ordinary types of furnaces, 
the electrode holder which comes in contact with the 
hot gases from the furnace wastes away at the same 
time 


The Fiat ‘“‘ economiser ’’ for each electrode consists 








mainly of a closed-in water-cooled cylinder, shown in 
Figs. | and 3, inside which passes the electrode. Inside 
the cylinder are a number of insulating rings which 
act as guides for the electrode during its travel, main- 
taining it at a distance from the cooled, metallic side 
of the cylinder so as to prevent arcing. In the cylinder 
is a circular packing of asbestos held in place by a 
metallic ring, and along which a tight, metallic closing 
bell can travel, the bell consisting of copper sheathing 
fixed to a steel disc which forms acover. The electrode 
passes through a hole in the steel disc, whilst at the 
sides of the latter are two lugs with female screws 
which serve for the up and down action. On the top 
of the cover is an insulating disc and above this is the 
brass clamp held by suitably insulated bolts which 
holds the pe ey The electrode with its clamp 
is thus held solidly to the bell whose object is to 
secure tightness round the electrode, completely 
preventing air from circulating inside the furnace. 
The whole system can be mancuvred by two screws 
which rotate in the screwed lugs above referred to. 
The rotation of the screws is obtained by means of 
helical gears operated by a small motor at the top of 
the furnace plant. (See Figs. 1 and 2). Every part 
has been designed so as to be easy of access for main- 
tenance; the whole superstructure is complete in 
itself and can be placed over the furnace or removed 
with ease. 

By the complete closing in of the top of the furnaee, 
the electrodes are not oxidised or burned, except at 
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the point where the arc is produced, and therefore 
instead of taking a conical shape at their bottom end, 
the sides remain parallel and the full section is main- 
tained. By this means, besides a reduced electrode 
consumption, greater electric energy is carried down 
inside the furnace, reducing the time taken for working 
a charge. An electrode having a normal height of 
1°5 m. (59 in.) after 21 heats on cold charges in a 
5-ton furnace is reduced to 25 cm. (10 in.), the original 
weight of 120 kg. (264 lb.) being reduced to less than 
20 kg. (about 40 lb.), these figures giving, counting 
100 X8 _ 9.95 
SIx5~ 
kg. (6°3 Ib.) of electrodes per ton of steel. 

The average current consumption is also very low 
and does not exceed 650 kw.-hours per ton of steel. 
Moreover, the roof of the furnace is constantly protected 
by a body of inert gases and lasts as many as 150 heats ; 
the inside lining of the furnace can also withstand over 
150 heats before any partial repairs are required, and 
these can be carried out in a very short time. The 
clamps have a very long life, and have not been changed 
in furnaces which have been running over five years. 
Owing to the absence of heat losses, the cost of the steel 
manufactured has also decreased following the reduc- 
tion to just over 2 hours for the time taken by a heat, 
in the case of a 5-ton furnace, charged by hand with 
cold scrap. On an average six to seven heats are made 
per day, and it has been possible to reach nine heats 
per 24 hours starting from a cold charge. This is due 
to the hermetic closing of the furnace roof by the Fiat 
*‘economiser.”” There is also a better utilisation of 
the electrical energy, more powerful transformers are 
used (2,000 kw.-amperes for a 5-ton furnace), larger 
cables and electrodes of a larger section. The primary 
current supply to the foundry is at a pressure of 21,000 
volts ; it is transformed down to 120 volts and 75 volts 
in an oil-cooled transformer, the pressure of 120 
volts being that of the current in the first period of a 
heat, when the charge is still cold, whilst the 75-volt 
pressure is resorted to from the time the charge is 
melted to that when it is ready for teeming. The 
current pressure regulation is obtained automatically 
by a switch on the primary of the transformer. 





all three electrodes, a consumption of 





Cuapwick Lectures.—T wo public lectures were given 
on March 23 and 30, at the Royal Institute of British 
Architects, under the Chadwick Trust, on “* Water— 
Tts Distribution and Use.” The lectures were delivered 
by Mr. H. E. Stilgoe, M.Inst.C.E., chief engineer to the 
Metropolitan Water Board. In the first lecture, Mr. 
Stilgoe discussed the storage of water to tide over periods 
of drought and such questions as compensation water. 
The Metropolitan Water Board is permitted to take not 
more than 130,000,000 gallons per day from the Thames, 
unless the flow over Teddington weir exceeds 200,000,000 
gallons per day. The present storage capacity available 
is 6,600,000,000 gallons, but the Littleton reservoir now 
in course of construction will have a capacity of nearly 
this amount, or 6,500,000,000 gallons, and will cover 
an area of about 800 acres. In his second lecture, 
Mr. Stilgoe dealt with chlorination, and the Paterson 
rapid filter process, and then gave an historical review 
of water supply from Roman times onwards. This he 
brought down to the present day by describing the 
manufacture of pipes on the de Lavaud system by the 
Stanton Iron Works Company, and some of the modern 
pumping plants in the London area. 





Tue tate Dr, Ina, E. Heyn.—Professor Heyn, whose 
work at the Materialpriifungsamt, first under Martens, 
and later as his co-director, has made his name known 
to engineers and metallurgists all over the world, died last 
month at Berlin, at the age of 68 years. Born 1854, 
at Annaberg, in the Erzgebirge, Saxony, he was educated 
at the famous old Mining Academy of Freiberg. He then 
worked in Krupp’s shops at Essen and in the metallurgical 
works of the Hérder Verein, taught for some time at the 
Royal Engineering School at Gleiwitz, Upper Silesia, and 
was in 1898 called as professor to the Testing Department 
of the Technical High School at Berlin-Charlottenburg, 
which developed into the Royal Materialpriifungsamt 
at Berlin-Dahlem. During the war he placed himself 
at the disposal of the Admiralty and left the Amt. 
When after the war the Kaiser-Wilhelm Institut fiir 
Metallforschung was opened at Nen Babelsberg he was 
appointed the first director of this institute, and was 
also elected first president of the new Deutsche Gesell- 
schaft fiir Metallkunde, which owed its foundation 
chiefly to the Verein Deutscher Ingenieure. Together 
with Martens he did a great aeal to develop and to 
popularise metall hical testing. His well-known book 
on “Die Metallographie im Dienote der Hiittenkunde ” 
was published in 1905. Other noteworthy publica- 
tions of his were the reports of 1908 and 1910 on the 
“Rusting of Iron,” which he had studied together 
with his colleague, O. Bauer, and his “Handbuch der 
Materialienkunde fiir den Maschinenbau.” He con- 
tributed altogether about 50 papers to societies and 
journals, some of these resulting from his connection 
as professor with the Technical High School; among 
the latter papers was his essay of 1911 on the ‘‘ Techno- 
logical Instruction as a Preparatory Training for the 
Constructor.” In his position as chief of the Institut 
fiir Metallforschung he devoted his activities mainly 
6 non- metals and alloys. A good linguist and 
able’ debater, and a man of wide learning; he was a 
popular figure at technical conferences. 





“BRITISH AND AMERICAN LOCOMOTIVE 
DESIGN AND PRACTICE.” 
To THe Eprror or ENGINEERING. 

Srr,—To many locomotive engineers in this country— 
and contractors especially—Mr. Dewhurst’s paper on 
* British and American Locomotive Design and ice” 
will afford much interest and no little discussion. The 
few observations which I may be permitted to make 
through your valuable columns, I do not propose to give 
under the respective headings, as set forth in the paper. 

The dominant—I might almost say primordial— 
characteristic of the British engine has been, and is, its 
contour of finish. American engines which have, of 
late, been built for the Continent and other places abroad, 
show a tendency to modify the crude finish of earlier 
productions, The finish of an engine, like a good man 
minor details, may be a matter of individual taste, whic 
leaves somewhat an open question. 

With regard to power, for a given cylinder basis, 
I incline to believe that the Americans beat us for 
relative boiler power. Even for similar types of engines, 
their boilers are always well up to the cylinders, and at 
maximum duty. Our contractors are prone to chop 
a good deal in this aspect of design. Better advantage 
could be taken here if more attention were given to 
making motion parts much lighter, especially coupling 
rods, which are nearly always of unnecessary stiffness, 
and a more judicious staying of frames. 

The weight of motion parts in the American engines 
is cut down to a minimum, no doubt due to the very 
high tensile steels used and the bulk of the total weight 
used where it is most needed, in the production of power. 
Those who have gone deeply into American locomotive 
design, spread over many classes and types of engines 
will, I think, agree with me, when I say that for experi- 
menting as far as materials are concerned, we have 
nothing to teach them. Indeed, I am afraid it is the 
other way about. Our rigid, conservative ideas are 
conducive to prejudice of opinion ; which, in view of the 
present keen competition for Colonial and foreign trade, 
is not having too rosy an outlook. The fact is indis- 
putable, that certain features of American locomotive 
design have come to stay, not only in British design, 
but Continental design as well. 

I do really believe that if our contractors desire to 
keep their footing in foreign markets, a more progressive 
policy of locomotive design will have to be adopted 
than has been done hitherto. At the commencement 
of his paper, Mr. Dewhurst remarks about repeat orders 
being brought about by “sheer merit of performance 
and economy of maintenance.” A _ well designed 
locomotive on the most modern theoretical and practical 
progressive experience will go far to attain the much- 
desired end, in spite of foreign competition, even if it is 
only being handled by a moderate crew. The Americans, 
by reason of more favourable conditions than obtain here, 
are able to produce their huge Mallet triplex articulated 
engines, which must of necessity, provide an expansive 
field for experiment and experience. Given the oppor- 
tunity, I have no doubt that some of our contractors 
would be able to produce a satisfactory engine of similar 
design, but in order to do so, they would have to put on 
one side that ubiquitous idea of working in this or that 
old pattern and of doing “this or that” the same way, 
because it was done before. If we are going to put cheap 
production before efficiency of design, then the supremacy 
of the British locomotive has seen its day. If the 
Americans like to supply our foreign markets with cheaper 
engines than we can, well and good ; but I think they 
are to be relied upon on the score of design and especially 
where new business is secured. The fact that they are 
able to obtain a footing on new ground where British 
locomotives are operating, must, in view of the scarcity 
or orders here, commend itself to our very serious con- 
sideration. It therefore follows that, as the oppor- 
tunities are multiplied for locomotive superintendents 
to compare British and American engines side by side 
from a constructional, service and maintenance point 
of view, the survival of the fittest will be the deciding 
factor of the policy to be followed. 

Yours faithfully, 
**M. Inst. Loco. EB.” 





THE waTe Sm Water CHARLETON HvucGHEs.— 
We regret to have to record the death of Sir Walter 
Charleton Hughes, which occurred at 41, Madeley-road, 
Ealing, on Thursday, March 30. Sir Walter was born 
on September 22, 1850, and was educated in private 
schools and at King’s College, London. He joined the 
Indian Public Works Department in 1868, and after 
serving in various districts, was appointed, in 1887, 
secretary to Government in the same department. He 
was appointed chairman of the Board of Trustees for 
the Port of Bombay in 1892, where he made the Port 
Trust a model of efficiency. To him were due the planning 
and carrying out of the successive additions to the 
dock and harbour accommodation, and also of the fore- 
shore reclamations by which Bombay has been so 
notably developed. He held the position of chairman 
of the Board from 1892 to 1898, and from 1900 to 1910. 
He was additional member of the Bombay Legislative 
Council from 1897 to 1910, and chairman of the Bombay 
Improvement Trust from 1898 to 1900. Sir Walter 
received the C.I.E. in 1900 and was knighted in 1906 ; he 
returned to England in 1910, when he joined the firm of 
Sir John Wolfe Barry and Sons, whilst remaining con- 
sulting engineer to the Bombay Port Trust. During the 
early months of the war he carried out important work 
in dock and railway designing in various. countries, 
notably in Russia. For a time, until prevented by ill- 
health, Sir Walter was also chairman of the company 
which acquired from Government the port. of Rich- 
borough. He became a member of the Institution of 
Civil Engineers in 1885. 


NOTES FROM SOUTH YORKSHIRE. 

HEFFIELD, Wednesday. 
of the staple industries 
The continuance of the 


8 
Iron and Steel.—The whole 
in this area are marking time. 
engineering trouble has proved a serious strain on the 
confidence of potential rs, and not more business 
is bes | done than is sufficient to employ forges, foundries 
and rolling mills at one-fourth of their capacity. Hopes 
are still entertained of a steady improvement when 
conditions become more settled, but meantime the 
difficulty of maintaining big productive organisations is 
causing general anxiety, and concurrently is placing 
a@ severe strain on financial resources. Evidence of 
complete preparation to meet revived conditions is to be 
obtained by iry at the leading steel and engineering 
establishments. essrs. Hadfields, Limited, for instance, 
whose immense steel f is now practically twice 
its pre-war size, have almost completed their post-war 
e of reconstruction and extension, and are 
awaiting an opportunity to put the new departments into 
ration, though this can only be accomplished when 
demand for the firm’s products matures. Attention 
is again being concentrated on the future of the arma- 
ment d mts. The placing of orders for the two 
new capital ships will do something to keep the nucleus 
together, but the major problem of how to maintain the 
highly pe, technical equipment for modern arma- 
ment during a ten years’ naval drought r mains 
unsolved. Meanwhile, an immense amount of heavy 
machinery is idle and big capital resources are held up. 
In the general steel trade there is little movement of any 
moment. Crucible furnaces are working at reduced 
pressure in order to maintain stocks at a minimum level 
consistent with slump requirements. The overseas 
demand for special steel products in some directions 
tends to improve, but is not encouraging. Makers of 
high-speed and special alloy steels are continually faced 
with high costs and depleted purchasing power. A 
small tonnage of ordinary steel is going to the De- 
pendencies and to the Eastern markets. Home require- 
ments are restricted to immediate needs, chiefly owing 
to the uncertainty of the outlook. The tool trades are 
primarily suffering from the dislocation in the engineering 
trade. There is a certain amount of business to be had 
in export markets, but it is mostly in low-quality manu- 
factures for which Sheffield does not cater. Business 
in farm tools and agricultural implement parts is ham- 
pered by the existence of considerable stocks and the 
searcity of money in the farming industry. 


South Yorkshire Coal Trade.—The demand for in- 
dustrial fuel is on a downward scale. Home establish- 
ments are buying sparingly because of the restricted 
character of current requirements, and are not anxious 
to get big stocks under load until more is known about the 
trend of prices. Exports are fairly active, but orders are 
mostly for minor tonnages, and the gross volume of 
business placed with local pits is on the decline. The 
worst hit collieries are working short time, having 
accumulated considerable reserves. A rather better 
tone in small fuels is attributed to special buying to cover 
the Easter holidays. Prices are firmer. Current 
purchases of gas fuels are on the small side, but the 
renewal of contracts at attractive rates covers a large 
share of the output. House coal of best quality is in 
good demand ; there is very little movement in inferior 
grades. Quotations :—Best branch handpicked, 38s. to 
39s.; Barnsley best Silkstone, 36s. to 37s. ; Derbyshire 
best. brights, 32s. 6d. to 348.; Derbyshire ‘best house, 
3le. to 338.; Derbyshire best large nuts, 27s. 6d. to 
288. 6d.; Derbyshire small nuts, 17s. to 19s. ; Yorkshire 
hards, 23s. to 24s. ; Derbyshire hards, 21s. 6d. to 22s. 6d. ; 
rough slacks, 14s. to 15s.; nutty slacks, 8s. to 9s. 6d. ; 
smalls, 28. 6d. to 6s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Production of Cleveland 
pig-iron is on a very small scale, and the output is 
absorbed by running contracts, but new business is 
_~ trifling, traders pursuing a very cautious policy. 

les of Midland No. 3 are reported to have been regis- 
tered at fully 10s. below Cleveland No. 3, and under 
such circumstances the former can compete successfully 
here and in Scotland. There are practically no stocks 
of Cleveland pig-iron, and No. 1 and No. 4 forge qualities 
are so scarce as to be almost. unobtainable. Toexporters, 
as well as to home customers quotations stand :— 
No. 1 and siliceous iron, 95s.; No. 3 G.M.B., 908.; 
No. 4 foundry, 87s. 6d. ; No. 4 forge, 85s.; and mottled 
and white, 80s. 


Hematite—There is a decidedly quieter feeling in 
East Coast hematite. Home and foreign demand shows 
a falling-off, and values are drooping. A fair inquiry for 
Germany, however, is still aredetiog. Nos. 1, 2 and 3 
are now obtainable at 97s. 6d. f.o.t. and f.o.b., and No. | 
is at a premium of a shilling. 

Foreign Ore.—The small volume of business passing 
in foreign ore is chiefly confined to transactions in 

ies drawn from Mediterranean sources at about 
21s. Best rubio is nominally 26s. 6d. c.i.f. 


Coke.—-Blast-furnace coke is easier. Though some 
sellers hold out for more, local consumers report they can 
purehase medium Durham kinds at 27s. 6d. delivered. 


Manufactured Iron and Steel.—Indication of any 
material change for the better in manufactured iron and 
steel is difficult to discover. Export orders can be 
placed at below the following recognised rates for home 
trade :—Common iron bats, 12/.; iron rivets, 14/.; soft 








steel billets, 7/. 10s.; medium steel billets, 8/. 15s. ; 
hard steel billets, 9/. 58.; steel boiler plates, 14/. 10s.; 
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steel ship, bridge and tank plates, 10/. 10s. ; steel angles, 
101. ; steel joists, 101. 10s. ; beary, sections of steel rails, 
91. 108. ; fish tes, 141. 10a. 121. 10s. 
and corrugated galvanised sheets, 161. 5s. 


Shipments of Iron and Steel.—For the first time since 
May, 1916, official returns give the total t =. 
ments of iron and steel from the Tees at over 100 
tons, the statistics for March ing clearances amount- 
ing to 101,747 tons, 43,001 tons being pig-iron, 8,380 tons 
manufactured iron, and 49,908 tons steel. Of the pig- 
iron loaded 13,061 tons went coastwise and 29,940 tons 
went abroad; of the manufactured iron despatched 
113 tons went coastwise and 8,705 tons went to foreign 
destinations ; and of the steel cleared 6,000 tons went 
coastwise and 43,908 tons went to other countries. The 
principal receivers of pig-iron were :—Italy, 9,225 tons ; 
Germany, 6,380 tons; i 6,229 tons; Wales, 
5,850 tons; France, 5,125 tons; and , 2,150 
tons. India was, once more, the heaviest importer of 
both manufactured iron and steel, receiving 8,140 tons 
of the former and 25,801 tons of the latter. 


Imports of Iron and Steel to the Tees.—Monthly figures 
of the Tees Conservancy Commission just issued ae 
the quantities of iron and steel imported to the Tees 
from Holland, Belgium, France, Norway, Sweden, 
Germany, and coastwise, for the five months — 
March 31 last, as against the same time a year ago, 
compared with the corre pre-war period of 
1913-14. They show that for past five months 
the pig-iron imported reached 29,052 tons, as —- 
11,721 tons for the concep as of 1920-21, and 
only 54 tons in 1913-14. ts, blooms and slabs 
unloaded at Tees ports during the five months 
amounted to — tons, a compared with _— tons 
for the corresponding period a al og, 19,970 tons 

¢ named, 





for the months in 1913-14. 
sheets and joists brought from the countries 

in the five months just ended, are given at 2,647 tons, 
as against 12,189 tons in 1920-21 period, and 11,242 
tons in 1913-14. 





NOTES FROM THE SOUTH-WEST. 
Canpirr, Wednesday. 

The Coal Trade.—As a result of snow storms, of 
unusual severity, during hp week, work at most of 
the collieries and the South Wales docks was 
suspended. This interruption has resulted in a eni 
in coal prices, and generally quotations are now 6d. 
to 1s. higher than they were a week ago. Previous to 
the stoppages colliery stems were full over April, and 
free supplies are now scarcerthanever. Best Admiralty 
large is firm at 27s. 6d. to 288., and the same price is 
indicated for the leading Monmouthshires. 
smalls are also firm at 19s. to 208., with other grades in 
proportion. The demand for dry coals is inactive, and 
while best large still commands 27s., ordinaries can be 
secured at 24s. There is to be no change in the miners’ 
wages in April. According to the joint audit of the 
costs and proceeds in February, under which the April 
wages are regulated, the percentage which the — 
can pay is 9-13 per cent. above the 1915 standard, 
Under the national agreement, however, the men are 
guaranteed a minimum of 28 percent. above this 
and to pay this minimum the owners are Ned not 
only to surrender their standard profits, 17 per cent. of 
the surplus between proceeds costs, but also 3,000/. 
to make up the minimum. The owners have to con- 
tribute no less than 284,0001. to pay the men the mini- 
mum, and in the four months ended February have 
contributed 1,136,000/. to the wages by sacrificing their 
share of the surplus profits, secondly by surrendering 
their standard profits and, thirdly, by drawi on 
their funds or credit. A gratifying feature the 
February audit is the fact that the costs of ——- 
was lower than in any month since the end of the great 
strike’in July last. Compared with January, “ other 
costs” at 7s. 6d. per ton in February showed a reduction 
of 1s. per ton, and the wages cost a reduction of 3d. to 4d. 
per ton. The strike of colliery workers in America has 
not had much effect on the Welsh market. It is true 


that there are inquiries for single cargoes for Boston,, 


Havana and San Francisco, but unless the stoppage 
of a prolonged character it is not expected that much 
business will be placed. 


Iron and Steel Trade.—As the result of 


an 
inquiry for tin and black plates the ae ae 


E. 


developed a more optimistic feeling. Japan has been 
buying black plates heavily of late, and it is believed 
that they are doing more galvanising. There are 
inquiries for tin plates from the Far East, while Con- 

and 


tinental sales, particularly to Portugal, Holland 
Scandinavia have been more active, also South 
orders are more encouraging. Prices generally are from 
19s. 6d. to 20s. for standard boxes, with makers holding 
for top figures. 


| 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Scotch Steel Trade.—A state of uncertainty is very 
general in the Scottish steel trade at the moment on 
account of the labour- troubles, and no expansion of 


trade is looked for until a settlement is achieved. The |i 


demand for steel material is very poor, and the current 
output is far below what reasonabl 

Inquiries are fair, but the 

very great volume, and it is mai 
plant is being kept in motion. 
trade almost dried up, and general i 
low ebb, the home outlet forsteel is 

and as the export trade is not opening out the prospects 
for the steelmakers are not very bright at present. 
The black sheet makers are not securing very much 


Best steam | o¢ 





fresh business a we, and a quietness pee pee 
over the trade. e foreign inquiry is somewhat lighter 

Malleable Iron Trade.—The West of Scotland malleable 
igns of it over the week, 


a eonsiderable falling-away in 
outlook is clearer very little can 
Producers have shown themselves very 
ing to meet buyers in the matter of prices, but 
Se 


until fuel shows 
mand is distinctly anil 


cy 


Fs 


that the negotiations now going on may result 
settlement. One thing is very clear to all, 

must come a bit before any 
in the shipbuilding trade. 


ty 
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A 
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Tse Geeman Srare Mixes.—The Prussian Minister 

i recently stated that all the State mines, 
iron works and salt factories, &c., are to be transformed 
into a limited company. 





Tue Institute or Merats.—The secretary of the 
Institute of Metals informs us that it has been found 
necessary to postpone the meeting of the Sheffield Local 
Section, which had been arranged for the 21st inst. 
The new date will be stated later. 





Tue Barris Emerre Exurerrion.—Iin a the 
site for the sports arena of the British Empire ibition, 
which is to be opened at Wembley Park in 1924, the 
contractors, Sir Robert McAlpine and Son, are employing 
ea Bucyrus [ excavator ied by the Buc 
Company, i House, ‘axton-street, West. 
minster, 8.W. 1. machine, which is steam-driven 

is mounted on “ caterpillars,” is fitted with a 60-ft. 
boom, and the bucket has Ewe of 2 cub. yards. 
It is used for levelling hi with a sub-soil 
stiff y containing numerous tree roots, and 
these conditions, we understand, the quantity of 
material handled amounts to about 200 cub. yards per 
hour. The actual digging cycle under normal conditions 
35 and at each cycle somewhere about 

2} cub. yards is excavated since the bucket is filled above 
its nominal . The Bucyrus Company, we may 
mention, build iderably larger machines of the same 
and these can be supplied with a boom 143 ft. long 
@ 6 cub. yard bucket or with a boom 155 ft. long 
a 5 cub. yard bucket. 


g 





es . a PusBLic ee 
the new of buildings at Acton inistry 
of Pensions, which has attracted a good deal of attention 
the request of the Office of 
Physical Laboratory some time “go 

undertook @ series of investigations with regard to the 
offices and buildings. The rooms 
special information was re- 
37 ft. 6 in. wide, and 12 ft. 
Ts 


* | Monday, A 


This | Office. The price of the publication 
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Tae Dimser Excrxe Users’ Association.—Friday, 
April 7, at the Institution of Electrical Engineers. Paper 
on “Some Characteristics of Petroleum Oil used on 
Diesel Engines,” by Mr. Harold Moore, M.Sc.Tech. 


Tae Norte or Encrayp Instirvre or Mininc Aanp 
Mecuanicat Encrvners.—Saturday, Apri! 8, at 2 p.m., 
in the Lecture Theatre of the Institute, Newcastle-upon- 


Tyne. The foll r will be open for discussion : 
ch |. =xperiments with Bingle-Tnle, Duplicate and Double- 


Inlet Capell Fans,” . E. Seymour Wood, 
M.Inst.C.E. Paper on “The Limestone Coal Reserve 
of North Northumberland,” by Mr. R. C. Carruthers. 
A Patent Clip Tub will be exhibited, described and 
demonstrated by Messrs. Jonathan Longbotham and 


Tae Miptanp Instirere or Mininc, Civit anp 
Mecuanicat Encrverrs.—Saturday, April 8, at 2.15 


.m., in the Royal Hotel, Barnsley. Paper, “ Stainless 
iteel,” by Dr. W. H. Hatfield, of the Brown-Firth 
Research tories, Sheffield. The following will be 


a Ss discussion: “‘The Ignition of Firedamp,” by 
ssor R. V. Wheeler, D.8c.; “Memorandum on the 
Education of Colliery Officials in Yorkshire,” prepared 
by the Joint Committee. 
Tue Instrrure or Transport.—Monday, April 10, 
at 5.30 p.m., at the Institution of Civil Engineers, Great 
-street, Westminster, 8.W. 1. Paper on “The 
Relation of Civil Engineering to Transport Problems,” 
by Sir Alexander Gibb, CBE, C.B. (Member), formerly 
Director-General of Civil Engineering, i 


Ministry of 


he | Transport. 


Tue Instrrvtion or Locomotive ENGINEERS.—- 
il 10, at 7 p.m., at the Philosophical Hall, 
Park-row, , when Mr. A. E. Howell will read his 
paper entitled ‘“‘ Modern Production and Costing Methods 
as a to Locomotive Engineering.”’ The chair will 
be en by Mr. A. C. Stamer. 

Tue Surveyors’ Instrrvtion.-Monday, April 10, 
when a paper will be read entitled “The Experi- 
ences of a Divisional Officer (Timber Supply Depart- 
ment) during the War,” by Mr. H. A. Pritchard (Fellow). 
The chair will be taken at 8 p.m. 


Taz Instirors or Merrats (Brrmincuam Loca 
Sxorion.)—Tuesday, April 11, at 7.30 p.m., in the 
Chamber of Commerce, New-street. Annual General 
Meeting. 


Socrere pes Incenteurs Crvm: Baririsn Secrion.— 
Tuesday, April 11, at 5.30 p.m., at the Institution 
of Mechanical Engineers. Opening Meeting of the session 
1922-23, when Mr. W. Noble Twelvetrees, M.I.Mech.E., 
A.M.L.E.E., will deliver his Presidential Address, opening 
@ discussion on the subject of “‘Co-operation between 
Engineering Institutions and Societies in France and 
Great Britain.” 

Tue InstituTIOoN OF British FOUNDRYMEN: BuRN- 
LEY Sect1ion.—Tuesday, April 11, at 7.15 p.m., in the 
Technical College, Ormerod-road, Burnley, when Mr. J. 
Pell, of Rose-grove, will read a paper on “Some Ex- 
periences of Cupola Practice.” 

Tue Iwstrrution or ExsorricaL ENGINEERS: 
(Scorrisn Centre).—Tuesday, April 11, at 7.30 p.m., 
the Sixth Ordinary and Annual General Meeting will be 
held at the Rooms, 207, Bath-street, Glasgow. Paper 
by Mr. F. P. Whitaker, on “ Rotary Converters with 
Special Reference to Railway Electrification.” 


Tue InstiTrvTION or PETROLEUM TECHNOLOGISTS.— 
Tuesday, April 11, at the Royal Society of Arts, John- 
street, Adelphi, W.C. 2, the following paper will be read ; 
“Galicia and its Petroleum Industry,’’ by Mr. Albert 
Millar. The chair will be taken at 5,30 p.m. by the 
president, Professor J. 8. 8. Brame, F.I.C., F.C.S. 


Tae Manouester MetTariturcicat Socrery.—Tues- 
day, April 11, at 7p.m., at the College of Technology, 
Manchester. Paper, “‘The Causes of Some Defects in 
Steel,” by Dr. Thomas Swindon. 


Tue <Assoctation or EnGinerers-1n-CHARGE.— 
Wednesday, April 12, at 7.30 p.m.,at 8t. Bride’s Institute, 
Bride-lane, Fleet-street, a paper will be read by Mr. 
R. Langton Cole, F.R.1.B.A., on “ The Artesian Wells and 
Geological Strata of London.” The President in the 


Tae InstiruTion or AvTomosILe ENGINEERS.— 
Wednesday, April 12, at 8 p.m., at the Institution of 
Mechanical Engineers, Storey’s Gate, St. James’s Park, 
Westminster, 58.W. 1. Paper on “Marine Engine 
Desi as Affected by Lifeboat Service Conditions,” 
by Mr. A. F. Evans. 

Tae Junior InstirvTion or Enornerrs.—-Wednes- 
day, April 12, at 5 p.m., Official Visit to the Inter- 
allen Building Trades Exhibition at Olympia. 





Prrsonat.—The Industrial Publicity Bureau, which 
issues Pay Day Talks, announce that they have trans- 
ferred their offices from Cardiff to 40, Bennett’s Hill, 
Birmingham, which in future will be their permanent 
headquarters. 

Tee Am Cen are informed that a 
verbatim report of the oor of the second Air 
Conference, held at the Guildhall February last, and 
very fully reported in our issues of February 10 and 17, 
has now been published by H.M. Stationery Office. 
Copies can be obtained any bookseller or directly 
from any of the well-known 8 of the Statione 

pu is 38. net, or 3e. 2d. 
post free and the number “Cmd. 1619"' should be quoted 
when ordering copies, 
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ELECTRICITY ON THE FARM. 


WHEN electrical operation has once made a start 
in any industry it has seldom lost ground again 
and the extent of its application is now so great that 
electrical engineers may be pardoned for believing 
that the farming industry offers a wide future field 
for their activities. In broad terms there is nothing 
inherently impossible in this, and in many parts of 
the Continent the supply of electricity to rural 
districts has been carried out to a very considerable 
extent. Even in this country—notably in the 
neighbourhood of Hereford—a respectable start has 
been made. In despite of these examples, however, 
it is well to realise that the carrying out of farm 
electrification on any large scale is not going to be 
easy. The British farmer has been extensively 
criticised for his slowness in increasing his use of 
machinery and his reluctance to adopt scientific 
methods generally, and one can hardly expect any 
sudden change in favour of electrical operation. 

If a farmer shows reluctance to consider the 
employment of, say, an agricultural tractor, in 
suitable circumstances, one can hardly expect him 
to display much enthusiasm about a plant for the 
preparation of electrolytic ensilage. The obvious 
and generally known and fairly comprehensible 
types of machinery have still a very stiff fight to wage 
before they are employed in British farming to the 
extent that is desirable, so that some of their more 
esoteric electrical rivals may be considered to have 
but a poor chance at the present time. The ordinary 
more or less domestic applications of electricity 
may, however. be expected to be adopted in farm 
houses and farm buildings when they become 
reasonably available. Progress in any new district 
will probably be slow at first, but in the absence 
of any rival showing anything like equal con- 
venience electricity may be expected to make good 
headway once it is started. This has been the 
experience in the neighbourhood of Hereford, where 
farm-houses are supplied on a quite extensive scale 
from 11,000-volt transmission lines which radiate 
some 16 miles around the city. From the point 
of view of the supply of electricity to farm houses 
the question at the present time is more one of the 
extension of rural networks than anything else. 

Even from the point of view of farm-house 
lighting and similar work, however, it is well to 
remember that farming in this country has not 


on the whole been a very prosperous business. 
There are a great proportion of small men in the 
industry who have little capital to spare, certainly 
for anything which does not directly add to the 
turnover of their main business, which is farming. 
In a paper read before the Institution of Electrical 
Engineers on the 30th ult., and dealing with the 
applications of electricity to agriculture, Mr. 
Borlase Matthews quoted figures to the effect that 
there are 418,000 farms and small holdings in 
England and Wales. Of these 36,000, or nearly 
10 per cent. have each an area of over 150 acres, 
and 3} per cent. have an area of over 300 acres. 
There are thus a very considerable number of fairly 
large farms. At the same time it appears that over 
90 per cent. of the farms are in the hands of men 
who work 150 acres or less. Mr. LI. B. Atkinson, 
who spoke in the discussion following the paper 
stated that the average annual return per acre of 
land farmed in this country for the seven years pre- 
ceding 1914 was 15s. 2d., and it will be clear from 
this that the average man farming 150 acres or less 
can hardly be a capitalist with whom the electrical 
industry is likely to be able to do much business. 
It was suggested by Mr. Matthews that there was 
much room for the employment of electricity for 
driving chaff. and root cutters, and similar small 
machinery on farms. There is certainly something 
in this, and a fair amount has been done in this 
direction already. The matter is not so simple as 
might appear at first sight, however, and the case 
of the pork butcher’s mincing machine is hardly 
parallel. The difficulty with farm machinery is 
that the load factor is so low that the hiring out 
of electric motors on attractive terms is not likely 
to appeal very strongly to a power company. 
On small farms the portable motor which may be 
put to a variety of jobs will probably offer most 


-| likelihood of success. Mr. Atkinson suggested that 


on a small farm all the work which could be turned 
over to an electric motor represented probably 
saving the work of about half of one man. If this 


, | estimate is correct, then clearly the man may as well 


continue to do the work manually unless profitable 
occupation can be found for the half of his time 
which the electrical machinery renders available. 
There is no object in paying him to spend half his 
time watching an electric motor do work which he 
could do himself in the course of his ordinary day. 
The incidence of this calculation will, of course, 
fall differently on different farms. 4 

In discussing this matter it is necessary to 
remember that a considerable part of the work of the 
class which can be conveniently carried out by a 
portable electric motor falls in the winter when 
the farm hands have more time available for indoor 
work. Wet days in the summer when it is impossible 
to go on the land have also to be considered. There 
is no object in a farmer buying electric motors to 
carry out work unless he is going to save effective 
time of members of his staff. If on a medium- 
sized farm it can be shown that the installation 
of some electric motors is going to save the wages 
of one hand, the electrical manufacturer and the 
supply authority have an effective argument on 
which to work. If they cannot show something of 
this kind their case is a poor one. In saying this 
we have no wish to deprecate the employment of 
electric power on farms, but it is always useful that 
the conditions of a problem should be stated and 
known. That ways will be found, and are being 
found, to justify the employment of electric motors 
on farms there is no question. Easy cases are no 
doubt being dealt with first, but these both as a 
result of example and accumulated experience will 
lead to the more difficult cases being dealt with in 
time. 

There is no doubt but that a better case can be 
made out for electrical operations in farming, the 
more complete the electrification becomes. A better 
load factor is obtained, and the time of the paid 
attendance can be utilised more effectively. If for 
instance a dairy business is carried on, the separators. 
churns, butter machines, cheese curd breakers, &c., 
can be operated electrically, while on the milk 
supply side of the work pasteurisers, bottle washers, 
capping machines, &c., may similarly come into 
the scheme. It may readily be admitted that a 





plant of this kind forms no part of the equipment 
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of an ordinary English farm, but there are none the 
less many such plants in commercial operation, and 
with the increased attention being given to milk 
nowadays they are likely to increase. Dairy work 
of this kind is no doubt a somewhat ancillary 
activity of farming proper, but we are not sure that 
a fair measure of the electrical manufacturers’ atten- 
tion to the farming industry might not well be paid 
to side lines of this kind. They would give elec- 
trical working a footing in the industry which 
might be a valuable starting ground for progress in 
other directions. 

Dairy work is one such side line which might be 
cultivated. The poultry industry is another. It is 
true that a large part of the modern development 
of poultry-keeping is not in the hands of the ordinary 
farmer at all. The matter has developed to a con- 
siderable extent as a separate and self-contained 
industry. None the less poultry-keeping, usually 
of an inefficient kind, has long been one of the 
ordinary side lines of the mixed farm, and a better 
knowledge of the possibilities in this direction must 
ultimately spread to the farmer proper. The 
poultry industry in its modern form should offer 
somewhat less dead resistance to the introduction of 
electrical appliances than does general farming, 
since it is of more recent growth, and is on the whole 
probably carried on by a class somewhat more in 
touch with the influences of modern education. 

The possible applications of electricity in con- 
nection with poultry-breeding are simple and com- 
paratively obvious, and yet may not only form one 
avenue of approach to the farming community, 
but may in themselves constitute an electrical 
demand which is not negligible. An obvious 
application lies in the heating of incubators and 
hovers. The constancy, adaptability and con- 
venience of electric heating render it very attractive 
for this work, while the absence of fumes enables 
apparatus of a more compact type than usual to 
be constructed. Mr. Matthews employs a 2,240-egg 
incubator in which a series of trays enables the 
operation to be carried on as a continuous one. 
Live chicks are removed from a tray and new eggs 
put in at stated intervals. An even distribution of 
heated air is obtained with an electric fan. A per- 
centage hatching of 83-5 per cent. of fertile eggs 
is obtained with the apparatus, which measures 
5 ft. by 5 ft. by 32 in. The current consumption of 
this incubator was not given by Mr. Matthews, but 
as showing the advantage of size he stated that 
while a 60-egg incubator of ordinary pattern, but 
electrically heated, required 11 kw.-hours to hatch 
out, a similar 250-egg apparatus required only 
16 kw.-hours. 

Another application of electricity to poultry 
work lies in the lighting of the houses, particularly 
the scratching sheds. One had heard stories from 
America about the laying of hens being greatly 
increased by lighting the houses artificially, and has 
perhaps not been inclined to treat them too seriously. 
Mr. Matthews, however, tells a moderate and con- 
vineing story. His houses are lit from 6 a.m. 
to dawn and from dusk to 9 p.m., at a cost of 
3d. per bird a year. The result has been not that 
they lay more eggs in a year, but that they lay 
more in the winter when they are more valuable. 
Tests show an increased winter production of 10 per 
cent. in the case of the heavier breeds, and up to 
25 per cent. in the case of the lighter breeds. These 
results have nothing to do with any particular 
virtue in electrie light. They are the result of a 
longer feeding and scratching time. The same thing 
might no doubt be done with other methods of 
artificial lighting, but clearly for convenience and 
safety for such work electrivity has no rival. It is 
not only in the fowl houses, however, that 
lighting may be found to pay for itself, and Mr. 
Matthews’ experience in his cow byres since installing 
electric light is that the milk saving due to the 
practical elimination of spilling is more than sufficient 
to pay for the current used at 4d. a unit. Another 
example of what can be done with electric light in 
connection with farming and its allied industries 
is furnished by the method of hastening the ripening 
of tomatoes under glass, which we believe is com- 
mercially done. 

In his presentation of the case which may be 
made for the application of electricity to farming, 
Mr. Matthews did not, however, confine himself to 
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side lines nor even to electric lighting of the farm 
house and such work as chaff cutting. He boldly 
put forward electrical operation for land cultivation. 
Apparently some work has already been done in this 
direction on the Continent. The accumulator 
plough he dismissed as too heavy, and as objections 
to the electrically-operated plough with a trailing 
supply cable he stated that there was considerable 
wear on the trailing cable and that the winding 
gear was unsatisfactory. This appears a mild 
statement of the case. We should have imagined 
the only practicable method would have been to 
hitch the cable to an airship. The actual electrical 
method which Mr. Matthews recommends is an 
adaption of the Howard steam system. The winding 
engine is fixed at the top of the field, and the cable 
is carried round fixed anchor pulleys at the top 
corners of the field, and pulleys on travelling anchor 
carriages which work up each side of the field as the 
ploughing progresses. This system is recommended 
for electrical operation because electric power has 
to be taken only to one vehicle which can be placed 
at the presumably nearest point to the supply line. 
There is clearly no reason why this method should not 
work, but its convenience and practicability will 
obviously depend on the lay-out of the farm land 
and the way the overhead wires run. It is clearly 
capable of no immediate general application and has 
the obvious disadvantage as compared with a steam 
or oil engine system that a large amount of heavy 
plant has to be transported which is not self-pro- 
pelling. 





ROAD AND RAIL TRANSPORT. 

THE question of the desirability, or otherwise, 
of the railway companies obtaining power to carry 
on road transport, will reach an important stage on 
Monday next, when the Bill promoted by the North 
Western and Midland Group, in conjunction with 
the Caledonian, Glasgow and South Western and 
Highland Railway, will come up for second reading 
in the House of Commons. We understand that 
there are 65 petitioners against the Bill, but some 
of the opposition they represent will probably be 
withdrawn in view of the fact that the promoters 
of the Bill have stated that they are prepared to 
drop the passenger clauses for a period of five years. 
The Bill proposes briefly to give the companies 
powers to carry on a road transport business as an 
auxiliary to their railway business. The powers 
are to be exercised in any district to which the 
system of the company concerned affords access. 

An important part of the opposition to these pro- 
posals naturally comes from commercial motor 
users and the associations representing them. 
Opposition is also put forward by municipal cor- 
porations, local authorities and similar bodies, but 
some of this latter opposition appears to be based 
on questions of public safety, allowable weights of 
vehicles and safeguards generally. It would appear 
that matters of this kind might well be adjusted 
during the passage of the Bill through Committee. 
The main opposition is on the part of the present 
motor transport people. Naturally they do not 
wish for any new competition which can be avoided 
—no business man does—but their opposition is 
backed with argument. Motor traders evidently 
feel that this matter is a vital one to them, and the 
feeling of opposition to the railway companies’ pro- 
posals was very evident in some of the speeches 
made at the annual luncheon of the-Commercial 
Motor Users’ Association last Wednesday. 

It is, we think, fair to say that the essential 
argument put forward by the present motor traders 
is that to give the railway companies road powers 
It is stated 
that the companies are likely to use their great 
financial powers to crush opposition road transport 
companies, leaving themselves a clear field and 
establishing a complete monopoly of inland trans- 
port. Such a state of affairs might well be undesir- 
able, but it is only fair to recognise that a some- 
what similar type of ent may be brought 
forward by the other side. It may be said that the 
present road transport companies may possibly 
come together and form a road transport combine 
so powerful that it would be difficult or impossible 
for outsiders to compete.* This would give a 
monopoly as bad as that of the railway companies, 





and it may very well be argued that it would be 
to the public advantage that the powerful railway 
groups should be free to compete. 

Actually it does not appear possible for the feared 
crushing of the independent road companies to take 
place. The rates to be levied by the proposed road 
services of the railway companies are to be subjected 
to the Rates Tribunal in the same way that their 
rail charges are, so that serious undercutting could 
not be possible. The alternative way in which 
unfair competition could be fostered, by the railway 
companies failing to debit their road transport 
branches with their proper charges, is also guarded 
against by the clause in the Bill which puts an 
obligation on the railway companies to keep 
separate accounts for their road transport services, 
and to hold these accounts open to inspection. 

In so far as the activities of traders with private 
money should be interfered with at all by official 
authority, the interference should be only such as 
is necessary to safeguard public weal. It is in 
general in the public interest that competition 
should be encouraged, and it is not possible to see 
that this is a special case. If the railway companies 
can operate a more efficient road transport service 
than the present traders are giving, it will be to the 
public benefit. If they cannot, the present traders 
have nothing to fear from them. As road transport 
is not the main business of a great railway company, 
and as a small branch of a huge organisation like 
the North Western Group cannot well have the 
freedom and ready initiative possessed by a small 
independent company, it is probable that the pro- 
posed railway companies’ road services will not 
seriously affect the companies and individuals at 
present in the business. What is probable, however, 
is that the railway companies’ new powers, if they 
obtain them, will enable them to combine road 
transport services with many of their present 
collection and delivery services, and in scattered 
districts especially institute a valuable public 
accommodation which doés not now exist. 





NOTES. 
Tue Port oF SHANGHAI. 

In view of the expansion of business at Shanghai 
the Whangpoo Conservancy Board since 1916 have 
been considering what line improvements of the 
port ought to take. In 1919 steps were taken to 
form a commission of consulting engineers to con 
sider several projects put forward, and were asked to 
report (1) on the possibilities of developing the port 
with harbour and approaches, giving a limit of draft 
as at present of 28 ft. to 30 ft., and (2) providing for 
the probable maximum draft of ships on the Pacific. 
The report has just been published and includes 
proposals for dredging the Yangtze Bar and the 
provision of a mail steamer wharf near the mouth 
of the Whangpoo river, as well as a commercial 
wharf and dock below Shanghai. The immediate 
expenditure involved would be some eleven million 
taels. Proposals are also made with regard to the 
revision of the agreement as to the Whangpoo 
Conservancy Board between the Chinese and foreign 
Governments. An approach channel through the 
Fairy Flats is proposed, 600 ft. wide, to take ships 
drawing 33 ft. of water at ordinary neap high water. 
For the harbour it is recommended that the fair- 
way should provide at least 30 ft. of water at the 
lowest low tide. A wharf 600 ft. long should be 
constructed at the mouth of the Whangpoo, and 

ing accommodation 2,500 ft. in length with 
transit sheds, &c., further up the river. The 
estimates have been figured on a transit shed 50 ft. 
by 250 ft. at the mail steamer wharf, and three sheds 
120 ft. by 500 ft. at the commercial wharf with a 
three-storey godown 120 ft. by 500 ft. The British 
representative on the Commission was Mr. F. 
Palmer, C.I.E., M.Inst.C.E., of Messrs. Rendel 
Palmer and Tritton. 


ComMERCIAL AEROPLANE DESIGN. 


In view of the exceptionally wide experience 
of the author, considerable interest and importance 
attaches to a paper on the design of the commercial 
aeroplane read before the Royal Aeronautical 
Society on the 30th ult., by Captain G. de Havilland. 
While it is admitted that at the present time a large 
machine must of necessity be of the twin-engined 
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or multi-engined type, Captain de Havilland regards 
the single-engined machine as being more imme- 
diately suitable for commercial requirements. In 
comparing the large slow machine with the small 
fast machine, the author makes out a good case 
for the latter, pointing out that a small, and rela- 
tively heavily-loaded machine is fast, has a low first 
cost, is economical to run and to maintain, and is 
in fact in every way desirable, provided that the 
higher landing speeds involved can be safely dealt 
with and that the “ get off” is satisfactory. The 
chief drawback to high landing speeds, in the 
author’s opinion, is the long run on the ground 
after touching, but this, he pointed out, could easily 
be reduced to a reasonable figure by arranging the 
design so that when the machine is on the ground 
the wings make a comparatively large angle with 
the horizontal. The wings then act as powerful 
air brakes, which are considerably more effective 
than wheel brakes. He mentioned that on a test 
at Martlesham, a machine in which the angle of 
inclination of the wings on the ground was 17 deg., 
and the wing loading was 11-3 lb. per square foot, 
was pulled up in 163 yards in a wind blowing at 
5 m.p.h. As a specification for a “ get-off ” which 
would be safe under all reasonable working con- 
ditions, the author mentioned that a fully-loaded 
machine should reach a height of 50 ft. at a distance 
of 450 yards from a standing start in a calm; 
this, he said, had been found satisfactory in practice. 
Taking into consideration all the various factors 
which affect the working cost of a commercial 
service such as that between London and Paris, 
Captain de Havilland said that he had found the 
‘ all-in ” cost per seat per trip to be a minimum for 
a machine with a stalling speed of between 58 m.p.h. 
and 62 m.p.h., although machines with higher 
stalling speeds would have the great advantage of 
high cruising speed. On the whole he thought 
that at the present time the best compromise would 
be obtained with a machine having a single engine 
of 450 h.p., carrying a load of 2,000 Ib. of freight at 
a cruising speed of over 100 m.p.h., and having a 
range of 350 miles. Whether this machine should 
be of the monoplane or multiplane type was still 
open to question. In reviewing the capabilities 
of a modern type of single-engined machine, the 
author remarked that its durability was much 
greater than was generally supposed to be the case ; 
it was, in fact, capable of hard service for at least 
three years, during which time a distance of well 
over 500,000 miles could be covered. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE usual annual meeting of the Institution of 
Naval Architects has been in progress during the 
week, the final sessions taking place to-day, Friday. 
The more adequate accommodation of which use 
was made last year, by the kind permission of the 
Council of the Royal United Service Institution, 
was found so advantageous that arrangements 
were made for the use of the same building again 
this year. However much some may regret the 
break thus made in the connection with the familiar 
surroundings in the Adelphi, it will doubtless be 
admitted that on the whole the change is a distinct 
gain. The new arrangement offers the further 
advantage that the Tuesday evening reception, 
with which the spring meeting opens, can now be 
held in comfort at the same building where the sub- 
sequent meetings take place, which doubtless is 
some convenience to visitors from the provinces, 
&c. This year’s meeting opened on Tuesday with 
an evening reception in the Naval Museum of the 
Royal United Service Institution, Whitehall, at 
which the President, His Grace the Duke of North- 
umberland, received the visitors. ‘The reception was 
well attended by members and visitors, though 
doubtless the disturbed condition of the shipbuilding 
industry prevented the attendance of some who 
would otherwise have been present. 


Report OF THE CouNcrL. 

The proceedings on Wednesday opened at 11 a.m., 
in the lecture theatre of the Royal United Service 
Institute,. with the . presentation of the annual 
Report of the Council, His Grace the Duke of 
Northumberland being in the chair. The report 








recorded @ further increase in the number of nam 
on the roll. The net increase over last year was 
143, the total now for all classes being 2,740. The 
increase was spread over the various classes as 
follows: Members, 38; associate members, 40 ; 
associates, 10; and students, 55. During the year 
the Institution had lost through death, amongst 
others, two vice-presidents (Admiral C. C. P. Fitz- 
gerald and Professor J. H. Cotterill), and two 
members of council (Sir Herbert Rowell, K.B.E., 
and Sir George Carter, K.B.E.). 

The financial position was satisfactory, and it 
was not considered necessary to increase the rate 
of subscription as had been done in other institu- 
tions. The Council had decided to institute as 
from 1919, a staff pension fund, in connection with 
which, however, the Council reserves the right of 
granting or withholdmmg or varying the rate of 
pension. It was proposed to establish a Benevolent 
Fund for Members, and the Council would ask the 
Institution to sanction the payment of a sum of 
not exceeding 100/. per annum to this fund. 
Voluntary subscriptions would be appealed for. 

In response to an invitation from the Association 
Technique Maritime a summer meeting in Paris 
would be arranged for July 4 to 6 next. On the 
Merchant Shipping Advisory Committee the Insti- 
tution is now represented by Sir G. B. Hunter, 
K.B.E., and Sir Thomas Bell, K.B.E., the former 
having been appointed in place of the late Sir 
Herbert Rowell, K.B.E. Combined with the 
Institution of Mechanical Engineers a committee 
had been formed to investigate the results of 
forthcoming trials on oil-engined ships. The com- 
mittee was composed of seven representatives of 
the Institution of Naval Architects, six of the 
Institution of Mechanical Engineers, and there 
would be one representative of the Admiralty. 
The promise had been received from Messrs. 
Richardson, Westgarth and Co. to place at the 
committee’s disposal a vessel fitted with Beardmore- 
Tosi engines. It is hoped other firms will also 
offer facilities. 

In conjunction with other institutions, a con- 
ference had been held to consider the question of 
closer co-operation between engineering societies. 
The Institution had been represented at this con- 
ference by Sir John Biles and Sir W. E. Smith. 
The work of the British Marine Engineering Design 
and Construction Committee had been continued 
to cover the question of water-tube boilers. The 
rules drawn up in this connection were referred to 
recently in our columns. 

The Council announced the offer of two additional 
scholarships, viz., one in naval architecture to be 
known as the Armstrong Scholarship, and one in 
marine engineering to be known as the John Brown 
Scholarship, both the firms named having arranged 
for a scholarship of 1501. per annum for three years. 
During the year the following scholarships had been 
awarded: Naval Architecture—I.N.A. scholarship, 
Mr. S. A. Hodges; Beardmore scholarship, Mr. 
F. W. Green ; Fairfield scholarship, Mr. A. Mitchell. 
Marine Engineering—Weir scholarship, Mr. E. 
Steel; Yarrow scholarship, Mr. C. R. Cooper. 
Post-Graduate Research scholarships—Mr. H. W. 
Nicholls and Mr. W. R. Andrew. The Earl of 
Durham prize had been awarded to Mr. T. A. 
Davies. The Institution premium had been awarded 
to Mr. W. R. G. Whiting, M.B.E., for his paper on 
“The Strength of Submarine Vessels.” 


BENEVOLENT FunbD. 


After the adoption of the Annual Report the 
following resolution was put before the meeting : 
** That the Council be authorised to allocate a sum 
not exceeding 1001. in any calendar year out of the 
funds of the Institution to a benevelont fund to be 
administered at the discretion of the Council, and 
to be devoted to giving financial assistance to 
members, associate members, and associates, past 
or present, or their dependents, who may be in 
necessitous circumstances.” 

This resolution was proposed from the chair and 
was carried unanimously. 


ELECTION OF OFFICERS. 


The Secretary then read out the names of the 
president, vice-president, and hon. treasurer of the 
Institution, after which the results of the ballot for 
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members of council was announced. The following 
had been found to be elected :—Members of Council : 
Mr. W. J. Berry, O.B., Mr. John Gravell, Sir G. B. 
Hunter, K.B.E., Mr. Summers Hunter, C.B.E., 
Mr. A. W. Johns, C.B.E., Mr. W. J. Luke, C.B.E., 
Mr. Ruck-Keene, Mr. H. G. Williams, and Mr. 
Harold Yarrow, C.B.E. As Associate Members of 
Council: Professor W. E. Dalby, F.R.S., Sir 
Alexander Richardson, M.P., Sir C. J. O. Sanders, 
K.B.E. 


PRESIDENTIAL ADDRESS. 

After the presentation of the premium awarded 
to Mr. W. R. C. Whiting, M.B.E., the President 
delivered his address. His Grace the Duke of 
Northumberland said the increase in membership 
was particularly gratifying, especially in regard to 
the standard of the new members, which was dis- 
tinctly above the average. The financial aspect 
of the Institution’s affairs was satisfactory, and, 
apparently, members approved of the manner in 
which it was proposed to utilise the balance avail- 
able. With regard to the work of the committee 
which had been appointed—composed of members 
of the Institution of Naval Architects and of the 
Institution of Mechanical Engineers—for conducting 
trials of oil-engined ships, already, through the 
kindness of Messrs. Richardsons, Westgarth and 
Co., an oil-engined vessel had been made available 
for the purpose of the trials. Satisfactory and full 
results could not, however, be achieved unless other 
firms also lent vessels, and he appealed to firms 
who were in possession of such oil-engined ships 
to lend them for trial purposes. 

Great satisfaction had been caused by the cordial 
welcome which had been extended from the Associa- 
tion Technique Maritime, under the presidency of 
M. Bertin, in connection with the forthcoming 
meeting in Paris at the beginning of July. It was 
scarcely necessary for him to dwell on the great 
importance of this meeting at such a time when there 
were so many problems for consideration in connec- 
tion with the construction of ships, the use of liquid 
fuel and the various developments taking place in 
naval warfare. He also hoped that the results 
would be of even wider significance, and would go a 
long way towards improving the relations between 
the two nations. The surest guarantee for the 
future peace of the world would consist in the 
formation of an understanding between the British 
and French nations. 

With the merits of the present dispute in the 
engineering and shipbuilding industries the Institu- 
tion of Naval Architects was not concerned, but they 
could not escape being affected by its consequences. 
He had an aspiration and belief that some of the 
representatives of labour would realise that the 
interests of those engaged in every industry could 
best be ensured by some form of joint association 
between employers and employed for the purpose of 
looking after the welfare of those so engaged. 

The responsibility attaching to the Institution 
was perhaps greater now than it had ever been in 
the history of the country. Not only was the 
country faced with new problems, more difficult than 
had ever before confronted it, but with particular 
problems in regard to its commerce and sea power. 
These called for increased efforts on the part of those 
upon whose labours and skill the greatness of this 
country at sea depended. The reputation of the 
Institution was a good augury that the country’s 
future might be no less brilliant than its past. 


Mercuant Suiprrnc, ComMERCE AND SEA 
aad ® Power. 

The President then called upon Sir Westcott 
Abell, K.B.E., Member of Council, to read his paper 
on “Merchant Shipping and World Commerce in 
relation to Sea Power.” This paper, which we 
reprint in full on page 432 of our current issue, was 
presented by the author to the meeting in abstract 
form, the condensation being admirably effected. 
The discussion was opened by Sir John H. Biles, 
LL.D., Hon. Vice-President, who considered the 
paper to be both of an ambitious nature and of 
extreme importance. It embodies some very valu- 
able statistics and the equally valuable reflections 
of Sir Westcott Abell upon them. It was possible 
that there might be differences of opinion concerning 
the deductions which'!could legitimately be drawn 
from the figures. One could not held being struck 
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by the way in which the war had upset everything, 
and it was almost impossible at the present stage 
of our history to be sure that one was arriving at the 
correct conclusions. The enormous increase of 
tonnage during the war showed that shipbuilding 
must not be taken as a definite measure of the 
useful production of a country. The great burst of 
shipbuilding activity in 1920-21 must also be borne 
in mind in this connection. The remarks in the 
paper that the net replacement demand arising from 
marine casualties and obsolescence was fairly con- 
stant, and that the fluctuations in the demand for 
British shipping depended practically upon the sale 
of old tonnage to foreign countries, embodies facts 
which had not previously been adequately noticed. 
Was it not possible that the lack of increase in re- 
placements might be due to an increase in the safety 
of ships, a state of affairs brought about partly by 
more stringent regulations and partly by the skill 
of members of the Institution. The author had 
based his attempt to determine the periodic fluctua- 
tions of trade from statistics based on sea-transport, 
but might not the influence of land transported 
commerce be too: large to be negligible. The 
figures showing the relationship between merchant 
tonnage and trade were, however, very interesting, 
and suggested matter for further reflection. At 
such short notice it was impossible for the speaker 
to put forward very coherent and definite conclu- 
sions on the subject. He noted that Sir Westcott’s 
idea of sea-power was not quite the idea generally 
held as to the meaning of the phrase, but he deserved 
thanks for making it clear that sea power was not 
necessarily the same thing as naval power. 

Mr. W. H. Whiting, C.B., Vice-President, who 
continued the discussion, remarked that as the 
existence of the Institution and the livelihood of its 
members both depended upon the world’s need of 
ships, a study of the causes which affected the 
demand was of interest to all of them. The greater 
part of the paper was concerned with the problem 
of the future of industry, and in finding an answer 
to the question of whether more or less ships would 
be built next year. From Section VII of the 
paper it would appear as if it was the variations in 
tonnage owned which the author was concerned to 
forecast. But what members wanted to know was 
the quantity of shipping to be built in the future. 
The first paragraph of the section referred to seemed 
to point to the conclusion on the part of the author 
that the present depression of the industry was due 
to excessive production in the years 1920 and 1921. 
But such a conclusion was untenable in the face of 
diagram Fig. 5, the lower paat of which showed 
that the apparently enormous amount of tonnage 
added in 1920 and 1921 was only about equal to the 
deficit of the previous five years. This view was con- 
firmed, in the opinion of the speaker, by the upper 
curves of the diagram. There appeared to be no 
change in the law of the integrated curve, and there 
was therefore no ground for believing that excess 
production, in the true sense of the term, had taken 
place. Was not the truth of the matter that the 
collapse of shipbuilding was simply due to the 
collapse of trade. The latter was, in its turn, due 
to four factors: (1) The destruction of wealth by 
the war; (2) financial instability and depreciated 
currency of former buying nations; (3) national 
indebtedness ; (4) increase of cost of production. 

In the earlier part of the paper, Mr. Whiting 
continued, the author had discussed sea power. 
The whole discussion turned upon the initial defini- 
tion, and the author had reverted to a former 
definition of his, which stated that sea power was a 
combination of three factors: (1) trade; (2) 
merchant ships ; (3) warships. He went on to say 
that a healthy commeres depended upon three 
other factors: (a) power of production; (0) 
merchant shipping to carry products ; (c) colonies. 
The defect in such an analysis was that the factors 
were not independent of each other and further- 
more, in the speaker’s opinion, conditions (b) and 
(c) were not necessary to a healthy commerce. 
The United States had an enormous seaborne trade 
which before the war was carried practically entirely 
in foreign bottoms. Again some countries developed 
trade on a vast scale across land frontiers, into which 
the possession of merchant shipping did not enter. 
Furthermore, the absence of colonies was no bar 
to commerce, as the United States at one time had 








none at all, yet her trade flourished well. It was 
certainly true that a healthy trade could only exist 
under certain conditions, and one of these was that 
the home basis must be secure. Sir Westcott 
Abell had set himself pluckily to attempt an ex- 
tremely difficult piece of work. The main differ- 
ence between his views and those of the speaker 
was to be found in the very first sentence of the 
paper. The phrase sea-power had come to mean 
what Admiral Mahan meant by it, and the speaker 
would adhere to this view. It involved not only 
an adequate number of fighting ships, but men, 
money, stores, &c., in proportion. In the Crimean 
and Peninsular wars our mercantile vessels were 
an integral part of our sea power. Sir Westcott 
Abell had given a wider and more comprehensive 
view of the question of sea power than had some- 
times been held. 

Admiral the Hon. Sir Edmund R. Fremantle, 
G.C.B., C.M.G., remarked that Sir Westcott Abell 
had given the members much to think about, 
and he, personally, entirely agreed with the spirit 
of the paper. Before the war, when speaking of 
the Navy, we tended to think too much of arma- 
ments. The Navy always did and always ought 
to include the Mercantile Marine. During the 
war the powers of the Mercantile Marine were dis- 
covered, and without the thousands of vessels 
engaged in mine-sweeping and torpedo defence we 
should not have got on very well. The statement 
that naval power depended on the Mercantile 
Marine and on commerce was quite accurate. The 
human element was of supreme importance, and we 
possessed plenty of sailors and potential sailors 
by reason of our geographical position. France, 
under Louis XIV, had a formidable navy, but as it 
was not based on a corresponding Mercantile Marine 
it rapidly faded away. In countries like the United 
States where there were great opportunities for 
the absorption of the population on land, it was 
difficult to get sailors, and it might not be easy for 
that nation to hold such a position at sea as other 
countries differently circumstanced might enjoy. 
Sir Westcott’s definition of sea power was a remark- 
ably good one, and we might hope to retain our 
position on the seas, even if the Americans had a 
fighting navy equal to or superior to our own. Sea 
power ultimately depended more on the aptitude 
of a nation than upon the number of its fighting 
ships. 

Sir Charles Sanders, Associate Member of Council, 
said that it took the searchlight of the war to 
reveal to us that the men and ships of the Mercantile 
Marine were an integral part of our fighting forces 
and that they were equally important to the men 
of the navy. We all understood the importance 
of our sea communications, but it was the submarine 
attack which showed us what a perfect tool for 
keeping our communications open we had in the Mer- 
cantile Marine. Nothing could be of more import- 
ance to a shipowning and shipbuilding nation than a 
scientific study of the whole shipping question. It 
was extraordinary in what a comparatively hap- 
hazard way important decisions were often arrived 
at by those responsible for building and operating 
ships. We had reached a time when rule of thumb 
methods must give way to scientific ones. If the 
speaker had read Sir Westcott’s statistics aright, 
the outlook of shipbuilding in this country was very 
bad. But other factors must be considered. Sir 
Westcott had pointed out that the normal scrapping 
of vessels did not take place in wartime. Such 
scrapping was therefore overdue, and the speaker 
believed that much of the tonnage now laid up 
ought to be scrapped also. A good deal of the 
tonnage built during the war was uneconomical to 
operate, and therefore ought to be disposed of. 
Such facts should not be lost sight of in considering 
the possible demand for new ships. If the cost of 
production could be lowered, the shipbuilders would 
get orders. The periodical alterations of boom and 
slump in the shipbuilding industry were inimical 
to industry. Prosperity depended upon steady 
progress, and stability could only be obtained when 
all concerned united to prevent the causes which 
produced the violent fluctuations of trade. 

Mr. Archibald Hurd remarked that Sir Westcott 
Abell had invaded a new and promising field of 
exploration. His first paragraph rather reflected 
an after-war spirit, and to a certain extent a depre- 








ciation of the Royal Navy, which, after all, was the 
guardian of the merchant navy. Mr. Hurd did not 
believe that the present relationship of nations 
justified us in minimising the value of warships. 
The warship was not the outcome of the thoughts 
of bloodthirsty admirals, but was devised to defend 
the interests of merchants. Under the Washington 
Treaty we had the right to arm merchantmen, and 
we might get back to the conditions which existed 
after the Napoleonic wars. This would affect the 
design of merchantmen and was of interest to the 
members of the Institution. It was stated in the 
House of Commons the other day that a bombing 
aeroplane could sink a battleship in a few minutes. 
If this were possible what were the chances of an 
armed merchantman against such attack? It 
might be that we were going to be at the mercy of 
any country with sufficient aeroplanes. During the 
war, however, we had fought very near the German 
war bases, and the Belgian coasts where hostile 
submarines and aircraft were present in numbers. 
In spite of these things our communications had 
never been interrupted even for a single day. The 
people of the country were in some danger of being 
led to underestimate the value of the fleet, but 
unless we were going to sacrifice power and position 
we must maintain our strength on the water. Our 
geographical position made it possible for us to be 
supreme in sea power, and nothing but folly could 
rob us of our natural advantages. The influence of 
an efficient mercantile marine upon our prosperity 
could be imagined, if it was considered that our 
ships carried a pound of wheat 3,000 miles across 
the Atlantic for a halfpenny, or half the price charged 
for carrying it by rail from Liverpool to London. 
Our ships brought rice 8,000 miles from Rangoon 
for practically the same price as the railway com- 
panies charged for carrying it from Liverpool to 
London. The suggestion that shipowners would be 
forced to place orders for new tonnage if they knew 
that wages were stabilised at their present level was 
foolish. In 1913 we built ships to foreign orders to 
the value of 11,000,000/., and an equal volume of 
shipping would represent 22,000,000/. to-day. The 
foreign shipowner cannot be forced to place his 
orders with us. He will buy where he can buy 
cheapest, and even British owners could not afford 
to pay more for ships than they could be built for 
elsewhere. 

Mr. J. C. Joughlin remarked that owing to the 
large reduction of our fighting Navy it was possible 
that the cost of the Admiralty surveying system 
might be cut down. This would be a serious thing 
for the mercantile marine, with its increasing size 
of vessels. If a new line of steamships was to be 
started the charts should be ready beforehand, for 
ships were penalised as regards time if they had no 
adequate charts. 

Sir A. Norman Hill, Bart., sent a written con- 
tribution to the discussion, which was read by the 
Secretary. He did not think that the term “sea- 
power” could be used without the idea of power 
being involved. But commerce had no concern with 
power, being carried on between willing buyers and 
willing sellers. The carrying capacity of a ship was 
an article of commerce, and could be sold like coal 
or iron. The ability to provide cargo conferred 
power (to bargain) on the possessor, but not power 
in any other sense. Coal and pig iron were com- 
mercial products of great importance to the United 
Kingdom, but only because other countries produced 
wheat and wool. To effect the exchange carrying 
power had to be available. Natural conditions 
played the greatest part in determining the owner- 
ship of ships, in the same way as natural conditions 
determined what nations produced coal, iron or 
wheat. To maintain a mercantile marine, what has 
to be done is to provide the best carrying service. 

Mr. J. H. Narbeth pointed out by means of a map 
that the civilised nations, who supported commerce 
only occupied a comparatively small portion of the 
world’s surface, and that they did not exceed in 
number one quarter of the world’s population. He 
would have liked to see a few points on Sir W. 
Abell’s diagrams marked with the incidents which 
occurred at the respective periods, and which 
certainly exercised a pronounced effect on the 
mercantile marine. There were, for instance, the 
invention of railways and of steam turbines, the use 
of oil fuel and the incidence of wars. This country 
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would not hold its own in shipbuilding by juggling 
with the shares of shipbuilding firms on the Stock 
Exchange. The increase of education of those en- 
gaged in the industry was the first essential, and he 
hoped that there would be a development of scholar- 
ships on the lines of those awarded by the Institution 
to enable young men to make progress and acquire 
the knowledge necessary to maintain the supremacy 
of.our yards. In the Victorian era our name was 
respected abroad in consequence of the sturdiness 
and honesty of the men of the nation, and he hoped 
that we should still strive to maintain that reputa- 
tion for integrity and honesty which had done so 
much to build up our position in the world. 

Sir Westcott Abell, in replying to the discussion, 
said he did not intend to suggest any reflection 
on, or to depreciate the work of the fighting navy. 
Tt was his study of the navy that had brought a 
certain number of important considerations to his 
notice. He had read Mahan and found that 
Mahan, in his definition of sea power, did not go far 
enough. The speaker had an inexpressible admira- 
tion for the navy not only as a fighting force, 
but because of the genius it showed in devising and 
developing new departures of importance. Pro- 
fessor Biles had suggested that the constancy of 
the amount of replacement tonnage might have 
been due to safety requirements. This tonnage 
for the whole world amounted to 2} per cent. 
annually, but for the United Kingdom it was only 
about 1 per cent. This difference could hardly be 
ascribed to any regulations, it was probably due to 
the fact that British tonnage when old was largely 
transferred to foreign flags, so that our ships were 
in a better average condition than foreign ones. 
With regard to Mr. Whiting’s remarks, if you 
considered a nation surrounded by land, it obviously 
could not have sea power, although you had one 
of the requisite factors in its commerce. Mr. Hurd 
had referred to air-power. The problem of air 
power versus sea power must be regarded somewhat 
from the point of view of the specific gravity of 
the two elements. The specific gravity of air was 
perhaps only one-thousandth that of water, and its 
carrying capacity was therefore infinitely less. 
Airships and aeroplanes could only operate in 
limited ways as carriers because they could carry 
so little. The fact that the Germans with all their 
air bases on the Belgian coasts had not been able to 
interrupt our lines of communication during the 
war, made the speaker’s point. The real object of 
the paper was to draw attention to the import- 
ance of knowledge concerning sea power and the 
factors on which it depended. There had hereto- 
fore been no real effort to analyse cause and effect 
and therefore, Sir Westcott said, he had tried to 
explain how far he himself had got in such an 
analysis, and to find out what further information 
might be available. Exact knowledge of cause and 
effect must be substituted for rule-of-thumb, and 
if his contribution had tended towards such an end 
it would satisfy him. 


Tree Steps tn Nava Construction. 


The second paper on the programme for the 
morning session was one entitled “ Three Steps in 
Naval Construction: King Edward VII—Lord 
Nelson—Dreadnought,” by Mr. J. H. Narbeth, but 
in order to avoid the necessity for curtailing the 
discussion on Sir Westcott Abell’s paper, the reading 
of Mr. Narbeth’s paper was deferred until the after- 
noon session. A ful] abstract of the paper will be 
found on page 435 of this issue so that we may 
at once proceed to deal with the discussion. This 
was opened by Sir William Smith, who first dealt 
with some personal references in the paper with 
which he was not in agreement. He complimented 
the author on having picked out a period of change 
in naval construction which was the most im- 
portant of the last 30 years. The Collingwood, the 
speaker continued, was the first ship to have two 
powerful 12-in. guns mounted at each end with 
some secondary armament in between, and up to 
the time of the King Edward VII, this type pre- 
vailed. It was true that some of the intermediate 
ships had larger secondary armament and, under 
the guidance of Sir William White, great develop- 
ments were made in speed, armour protection and 
other forms of protection,'so that the later ships 
might appear to be of a different type ; but that was 





Not the case. In the part of the paper referring 
to the strength and weight of fittings used on 
battleships at the time the Majestic was ordered, 
the speaker thought the author had hardly done 
justice to himeslf or his colleagues. It was the 
speaker’s experience that continuous progress had 
been made in reducing weights, and the progress 
was as great at that time as at any time since. 
The speaker also wished to point out in connection 
with the figure of 40,000/., mentioned by the author 
as the selling price of the Dreadnought, that the 
vessel was not-sold at that price as a ship, but 
merely as scrap material. The statement in the 
paper referring to the armour of the Dreadnought, 
the speaker thought, was hardly true, and turning 
to Sir Phillip Watt’s paper it would be found that the 
Orion, laid down in 1910, four years later than the 
Dreadnought, was the vessel in which the scheme 
put forward by Lord Fisher in 1904 was realised. 
Although the Dreadnought was accepted and built, 
all concerned were desirous of having somewhat 
better armour protection. The speaker thought 
the author had taken great care in the collation of 
the facts given in the paper, but facts, the speaker 
continued, were stubborn things, and he thought 
it possible that a close examination of them might 
reveal some other matters open to correction. 
No one, the speaker concluded, knew the facts of 
the period better than Sir Phillip Watts, who was 
unable to be present owing to illness, and the 
speaker therefore suggested that the Council should 
invite Sir Phillip to send in a written communica- 
tion on the subject of the paper. 

Sir Westcott Abell, who followed, said he had been 
associated with Mr. Narbeth during a critical 
period of the evolution of the capital ship, and he 
might, therefore, be able to add a few points to 
enlighten the history of important changes. He did 
not think it was generally realised what enormous 
changes had been made in a very short period in 
increasing size, length, speed and particularly 
armament. During this critical period the whole 
strategy of the British Navy was being changed and 
battleship design was necessarily also changed. In 
the case of the Lerd Nelson, the design was limited 
by the available dock accommodation, and another 
point was the importance of freeboard forward. 
The Lord Nelson had been given a height of plat- 
form of 24 ft., and the speaker thought this was 
because the Majestic, with 25 ft. freeboard, had been 
found to be a dry ship and the Formidable, with 
23 ft. freeboard, a wet one This point, the speaker 
remarked, was of considerable importance in mer- 
chant ship practice. Another problem was how to 
keep the same speed with a little more displacement, 
a little less length and a little less horse-power. 
The records of trials, however, showed that the 
shorter ship required less power at the same speed, 
but this, the speaker suggested, might be due to 
minute supervision during construction, by which 
300 tons had been saved in the Lord Nelson type. 
If the author gave the displacement on trial, Sir 
Westcott thought it would help to clear up the 
point. Experience with this form certainly showed 
the value of the experimental work at Haslar. 
After a few remarks relating to the distribution of 
armour, the speaker concluded by expressing 
appreciation of the paper, pointing out that no one 
was in a better position to place the facts on record 
than the author. 

Engineer-Captain Onyon, who continued the 
discussion, first mentioned that he was in complete 
agreement with the last remarks of the previous 
speaker. He would, however, like to point out that 
in one of the tables in the paper the horse-power of 
the Dreadnought was given as 23,000 i.h.p., whereas 
that was actually the shaft horse-power, which was 
a very different matter. He hoped Mr. Narbeth 
would have this point corrected. With regard to a 
statement in the paper that the Dreadnought had 
returned from the West Indies at an average speed 
of 19 knots for the whole distance, the speaker 
remembered the date the vessel left Trinidad and 
that on which it arrived at Spithead, and the 
time and distance did not give a mean speed of 
19 knots. In crossing the Atlantic the speed 
dropped to 16 knots, although the revolutions 
were maintained, and they had been greatly puzzled 
as to the cause of this. The speed went up to 
20 knots when steaming up the Channel, but the 





average speed for the whole voyage was not more 
than 17 knots. The reason for the loss of speed 
was later ascertained to be due to the damage to 
the port rudder, as the author had stated. The 
record of revolutions, however, showed that a speed 
of 18 knots would have been kept up for the whole 
trip but for the trouble referred to. 

The next speaker was Commander E. C. Hamner, 
United States Naval Attaché, who expressed appre- 
ciation of the paper, especially that part of it 
relating to the Dreadnought. With regard to the 
efforts made to reduce weights the speaker remarked 
that the same troubles were experienced in the 
United States as in this country. In the case of 
destroyers it was difficult to reduce the weight of 
fittings when the vessel was built, but even more 
so when she was once commissioned. The officers 
of small ships wanted everything that was fitted in 
the larger vessels, such as refrigerating plant, 
laundries, &c., which increased the weight and 
occupied valuable space. Such equipment might 
add to the comfort of a ship, but diminished its 
efficiency. His Government, the speaker con- 
tinued, had adopted the policy of attaching a naval 
constructor to the staff of the Commander-in-Chief, 
and one of his duties was to examine proposed 
repairs and alterations to vessels. In this way 
many of the proposals were deleted at once and not 
passed on to the higher authorities at Washington. 
At the present time it was especially desirable 
to have a constructor at sea on the Commander- 
in-Chief’s staff, as constructors and line officers 
could then be made acquainted with each other's 
objects and difficulties. 

General A. Kriloff, of the Russian Navy, who was 
followed with some difficulty, said that whenever 
a new ship was projected for the Russian Navy 
they considered the latest ship of the British Navy, 
and tried to discover why each particular feature 
of the design had been included. Taking the 
successive developments in naval construction, the 
speaker said the Majestic had been an improvement 
on the Royal Sovereign, and the King Edward VII 
and Lord Nelson were improvements on the Majestic. 
When they had to project ships of this type it had 
been a very easy matter. Progress had been con- 
tinuous in respect of armament, protection and 
speed, but with the advent of the Dreadnought it 
had been realised that everything in the Russian 
Navy had been rendered practically obsolete. 
In the Dreadnought ten 12-in. guns had been 
mounted, and it was therefore possible to realise a 
concentration of big-gun fire which could only be 
equalled by the concentrated fire from several 
different vessels; very little progress, he added, 
had been made in directing the fire from different 
ships. In the Dreadnought it was possible to 
concentrate all the fire on one point, and this was 
an enormous advantage. 

The last speaker in the discussion was Professor 
Sir John H. Biles, who said that one point which had 
always puzzled him was why, if the Lord Nelson was 
a superior design to the King Edward VII, we built 
eight vessels of the latter class and only two of the 
former. This, the speaker said, had never been 
explained. Another point of the same character, 
he continued, was that the Dreadnought and her 
sister vessels had been provided with less armour 
than the Lord Nelson, and the speaker expressed 
agreement with Sir William Smith that this had 
not been exactly as desired by Sir Phillip Watts. 
The speaker also said that the suggested method of 
mounting one pair of guns above another pair had 
been declined by naval officers who preferred to 
arrange the guns in the Dreadnought in one plane. 
The suggestion had, however, been adopted in 
later vessels, and was now common practice. With 
regard to the height of freeboard forward, the 
speaker said he had recently crossed the Atlantic 
in a heavy sea and had noticed the real relationship 
between effective driving and height of freeboard. 
It was necessary, he said, to make the ship so high 
that it could maintain the maximum practicable 
speed without taking water on board. These con- 
siderations fixed the height of the stem. 

Mr. Narbeth, in replying to the discussion, 
first expressed his appreciation of the way in which 
his paper had been received. Sir William Smith, 
he said, was right with regard to the selling price 
of the Dreadnought. In answer to Professor Biles, 
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remarks as to superposed turrets, Mr.’ Narbeth 
said there were two reasons why these were not 
adopted in the Dreadnought. The first of these 
was that the 12-in. guns were not long enough, 
and the blast fromjthe upper guns would interfere 
with the crews of the lower guns; superposed 
turrets had been'adopted as soon as longer guns 
were available. The second reason was that a 
considerable reduction in freeboard would have 
been necessary if superposed turrets had been 
employed in the Dreadnought and the Committee 
could not accept this condition. In reply to Sir 
Westcott Abell’s remarks the speaker said he would 
add to his paper the actual displacements on trial, 
and also expressed agreement with Sir Westcott’s 
views as to the value of freeboard on the Majestic. 
It was desirable, Mr. Narbeth added, to give the 
best freeboard possible, and he mentioned that the 
30-ft. freeboard in the Dreadnought only just 
sufficed to keep her nose clear of green seas under 
certain conditions. He thanked the other speakers 
for their remarks and stated that he would look 
inte the points on which corrections had been 
suggested, and would make these corrections if 
necessary. 


Tue Resistance or Cargo Boats in WAVES. 


The last paper taken on Wednesday was con- 
tributed by Mr. J. L. Kent and described “ Experi- 
ments on Mercantile Models in Waves.” The 
investigation was carried out at Teddington, where 
a wave-making apparatus was installed which pro- 
duced regular trains of waves the length and 
height of which could be varied through a consider- 
able range. Three models were experimented with, 
all of the same length and displacement and having 
the same stern lines, but differing in the bow sec- 
tions and water lines. The metacentric height and 
the position of the centre of gravity was identical. 
The natural period of oscillation of each of the 
models in air was experimentally determined. The 
models were intended to correspond to a 400-ft. 
ship travelling through waves at speeds of 7 knots 
to 12 knots. In general, the experiments indicated 
that in waves of 400 ft. length the increase in the 
resistance was approximately proportional to the 
wave height, save when the natural pitching period 
of the ship approximated to the period of encounter. 
The maximum angle of pitching, however, occurred 
with somewhat longer waves, the governing factor 
being apparently the position of the wave crest. 
It was suggested in the paper that ship weights 
should be arranged so that the pitching period did 
not coincide with the period of encounter. As 
regards seaworthiness, very little difference was 
found between the models at the range of speeds 
covered in the experiments, the model with flare 
having as wet a deck as the model with vertical 
sides. In an appendix to the paper Mr. Kent gave 
estimates of the increase in the power required to 
drive a 400-ft. ship through waves 400 ft. long and 
6 ft. high. At 12 knots the thrust horse-power when 
passing through waves was estimated at 2,245, as 
against 1,300 in smooth water; whilst at 8 knots 
the comparative figures were 667 and 386. We 
shall publish the paper in full in a future issue. 

The discussion was opened by Sir William Smith, 
who said that the investigation had originated in 
evidence given before the Load Line Commission, 
where many sailormen testified that the alteration 
of the load-line had resulted in turning a laden 
vessel from an easy ship into a “ pile driver,” by 
which was meant a ship that carried on well for 
short periods and then was suddenly brought up 
all standing. It was accordingly considered desir- 
able to ascertain whether this “pile driving” 
tendency could be eliminated by flare or other 
changes of form. The nec»ssary experiments were 
made at Teddington by Mr. Kent and proved once 
again the value of the William Froude tank, for 
which they were indebted to Sir Alfred Yarrow. 
He added that in connection with such researches 
the Department for Scientific and Industrial Re- 
search had agreed to contribute towards the cost 
pound for pound with the shipbuilders. 

w Mr. Payne, who followed, expressed his surprise 
that the author had been able to dispense with a 
dashpot or his recording apparatus. At Haslar 
they had found a dashpot necessary in all experi- 
ments on the behaviour of models in waves, and even 





then got in their records greater oscillations than 
they liked. Referring to the experimental deter- 
mination of the oscillation period of the models, the 
speaker asked the author to give also the period as 
calculated from the metacentric height and the 
radius of gyration, as this was the general method 
of determining such oscillations. In experiments 
made some two years ago at Haslar, he might say 
that the maximum resistance experienced by a 
mode! when towed through waves was not exactly 
the maximum when the natural periodicity of the 
model thus calculated coincided with the period of 
encounter. It had long been known that wave 
forms were more or less trochoidal, and it was 
interesting to have this confirmed by the author’s 
measurements. He was inclined to think that the 
effect of waves of very moderate height as deter- 
mined by the author was greater than most of them 
would have imagined. This was, perhaps, to be 
attributed to the somewhat bluff form of the models 
tested. At Haslar they had also made experi- 
ments on the resistance of ships in waves, and he 
would hand to the secretary a diagram showing these 
observations, reduced to a ship of 400 ft. length so 
as to correspond with the author’s. The conditions 
were more severe and the waves higher than those 
ruling in the Teddington experiments. The curves, 
however, were not dissimilar, though the humps were 
less pronounced. The importance attributed by the 
author to the longitudinal moment of the ship 
supported the views put forward by Froude in 
1905, who maintained that in steaming against a 
head sea under water form was less important than 
the relationship of longitudinal resistance to the 
longitudinal inertia. In the Teddington experi- 
ments the above water form proved to be of little 
importance, but many seagoing officers were of a 
different opinion, and Mr. Narbeth in his paper 
had emphasised the value of flare in this connection. 
This view was confirmed by the Haslar experiments, 
but in these cases they were concerned with high- 
speed vessels and not slow-going tramps. They 
had also found at Haslar that the resistance in head 
seas was sensitive to changes in the weight dis- 
tribution. 

Sir Archibald Denny, who spoke next, said they 
had long desired to make at Dumbarton similar 
systematic researches to those described in Mr. 
Kent’s paper, but every day new practical problems 
arose which had to be attended to at once, and 
thus time had never been found. They had, how- 
ever, at different times made odd experiments on 
the effect of form on the resistance of a ship encoun- 
tering head seas, and found that it might be as 
much as 100 per cent. more than in still water. 
It varied, however, with the length and height of 
the wave. In this connection the experience of 
practical seamen was important. When a new 
superintendent was appointed to a line for which 
his firm had built many ships, objection was taken 
to the form forward adopted by the speaker’s firm, 
and the claim was made that more displacement 
at the forward part of the ship would lead to im- 
provement. This suggestion was tested at their 
tank and proved to be correct. The value of a 
tank could not, he thought, be over-estimated. 
If his firm had two they could keep them both 
going all the time, and though such firms as Messrs. 
Brown, Messrs. Vickers and Messrs. Parsons had 
now tanks, he was surprised that the example had 
not been more generally followed. 

Mr. Luke, who spoke next, expressed apprecia- 
tion of the fact that the experiments had been 
confined to models of the tramp type of steamer. 
Liners and warships could, he thought, be left 
to themselves, and in practice he thought they 
simply cut through the waves, at the highest speed 
they could, and that it did not much matter as they 
had high freeboard and considerable flare. A good 
deal of experimenting on a practical scale was, 
however, in progress even in these cases, as would 
be evident to anyone who had studied the remark- 
ably low forms of American warships. He feared 
that in practice but little could be done to meet the 
author’s suggestion that weights should be stowed 
so as to reduce the likelihood of the ship’s natural 
period of oscillation agreeing with the period of 
encounter. When light the tramp weighed only 
30 per cent. as much as when fully laden, and in the 
latter case there was very little chance of making 





any material change in the distribution of the load- 
ing. Cargo had to be picked up when and how it 
could. Similarly the period of encounter could 
only be varied by altering course or changing speed. 
It was disappointing that in these particular experi- 
ments the effect ofyform had proved of so little 
importance. He still hoped, however, that by 
continuing the experiments better forms than those 
now known might be discovered. In smooth water 
experiments the under water form was, of course, 
of very great importance. 

Mr. Champness hoped that the author would add 
to his paper further data. which would aid in calcu- 
lations of the stress on ships, a subject in which 
the speaker was specially interested. 

In reply, Mr. Kent said that the reason why 
flare had proved of no benefit in the} experiments 
described in his paper was that the speed was so 
low that the bow wave was small and the flare 
accordingly did not get a chance to beat down the 
spray. With high bow waves flare was a very 
definite advantage. He agreed that the experience 
of seagoing folk was important but of two captains 
engaged in similar service one had told him that 
flare was useless and the other that it was highly 
advantageous. In order that the results of the 
model experiments might be compared with actual 
practice, he had made a special sea trip, and made 
observations which he hoped to bring before the 
Institute on a future occasion. He agreed with 
Sir Archibald Denny that filling out the bottom 
forward often helped to keep up the bow. It was, 
he thought, less impossible to alter the load dis- 
tribution of a vessel than Mr. Luke had suggested. 
Thus on the trip he had referred to after making 
bad weather for two days the captain discharged 
the forward ballast tank and the vessel immediately 
became more sea-kindly. He had had he might add 
direct proof that the loss of speed in a sea way 
was not overestimated in his paper. Thus in one 
case an 8-knot cargo boat proved unable to accom- 
plish more than 2 knots against a head sea, although 
developing her full power. In another case the 
speed was halved when: encountering waves 5 ft. 
high, but in this case he thought part of the loss 
was to be attributed to the propellers. 


THE ANNUAL DINNER. 

The proceedings of the Institution for the 5th inst 
concluded with the annual dinner, which was held 
at the Connaught Rooms, Great Queen-street. This 
function was a great success, more than 600 members 
and guests being present. The president, the 
Duke of Northumberland, was in the chair, and a 
distinguished company of speakers had been 
arranged. The toast of “'The Royal Navy,” which 
was proposed by the chairman, was responded to by 
the First Lord of the Admiralty, Lord Lee of Fare- 
ham, who referred to the Washington Conference 
and dealt with its effect on the Navy. ‘“‘ Trade and 
Commerce of the Empire” was proposed by 
Sir Joseph Cook, High Commissioner for Australia, 
who made a plea for the organisation of emigration 
from this country to that Continent. The toast was 
replied to by the Right Hon. Stanley Baldwin, 
President of the Board of Trade. The toast of 
““ The Institution’ was proposed by His Excellency 
the Italian Ambassador, and replied to by the 
chairman. 





DEPARTMENT OF FUEL TECHNOLOGY, SHEFFIELD 
Untversiry.—A course of five lectures on “Coal” 
will be given in the Mappin Hall of the Applied Science 
Department, St. George’s-square, on successive Thursday 
afternoons, at 5.30 p.m., commencing the 27th inst., 
and continuing on May 4, 11, 18 25.. The fee is 
12s. 6d. for the course. 





Contracts.—The Metropolitan Water Board have 
recently ordered from Messrs. George Kent, Limited, 
Luton, three Kent Venturi meters, each 108 in. diameter, 
for the new Littleton reservoirs. These will be the 
largest so far put down in the United a and the 
second largest ever manufactured in this country— 
the ne ny being 120 in, diameter supplied by Messrs. 
Kent for the Divi Irrigation Works, Madras, some 
fifteen years ago. The three Venturi tubes together 
are capable of passing over 300,000,000 gallons per day. 
Th> recorders to work in conjunction with these tubes are 
of the water column type, the tubes being placed on the 
2 pea mains from the reservoirs. They provide 

a diagrammatic registration the rate and 
i in rate of flow, and the totel quantity passed 
up to any moment, 
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The Chemical and Metallographic Examination of Iron, 
w Steel and Brass. By Wu11tam T. Hart and Roserr 8. 
Wittiams. New York and London: McGraw - Hill 
Book Company, Inc. [Price 30s. net.] 
THERE has been growing in America during recent 
years a very healthy activity in technical matters, 
of which the visible signs have been largely literary. 
The output of technical books has been steadily 
growing, and the number and variety of the technical 
journals which have been published and which have 
evidently found a thriving market has been very 
remarkable. If we were asked to state the dis- 
tinguishing feature of this activity broadly, atten- 
tion would be drawn, we think, to the ingenious 
appliances and methods which have been devised to 
achieve a result more efficiently—the American 
mind turns more to invention than to research. 


There has been little in the way of higher mental | p 


achievements—the number of first rank inter- 
national scientists in the new world is small in pro- 
portion to its population. But the volume of 
improvement has been almost overwhelming in the 
minor methods of technical production—in machin- 
ing operations, forging and stamping, abrasives, and 
electrical methods, to mention only a few the 
Americans have unquestionably led the way. . ig a 

This book, then, is a representative sign of the 
times. It is the first volume of the International 
Chemical Series, and deals with the chemical and 
metallographic examination of iron, steel and a 
few non-ferrous metals. Chemical analysis does not 
generally lend itselfeto ingenious adaptations, but 
evidently that is a statement which expresses 
individual or national limitations since all things are 
possible to the right man. 

The usual method for estimating carbon in steel 
for instance, is to burn the sample in oxygen in a 
suitable furnace when the carbon is oxidised to 
carbon dioxide, and is made to pass through an 
absorbent like caustic potash or soda lime and 
weighed. This is one of the most rapid methods of 
analysis and a complete determination only takes 
about 15 minutes. Messrs. Hall and Williams give 
a method which has been developed in the Bureau 
of Standards at Washington in which the carbon 
dioxide coming from the furnace is passed through a 
standard solution of barium hydroxide contained in 
a vessel with two electrodes, by means of which the 
electric resistance of the solution can be determined. 
The carbon dioxide precipitates barium carbonate, 
and weakens the solution whose resistance increases, 
and from the increase in resistance the amount of 
carbon can be at once calculated. The apparatus 
can even be arranged to read direct the percentage 
of carbon. 

Electrometric methods of analysis have been 
developed for a great many estimations, and when 
more is known regarding the limitations and errors 
they will be extensively adopted, as they are rapid 
and extremely accurate. They depend on the fact 
that every ion in solution possesses an appropriate 
potential for suitable electrodes, so that when one 
kind of ion disappears from solution the potential 
between the electrodes is at once altered. By 
noting the moment of alteration the exact time 
of the disappearance of the particular ions can be 
detected and exact quantitative reactions can be 
determined. Successful methods have been devised 
for the determination of chromium, manganese and 
vanadium, and for the estimation of iron in solution 
it is the most exact known. Full details are given 
of the ordinary methods used for the analysis of 
iron and steel, and the methods recommended are 
those which best combine accuracy with speed. 

A short description of the analysis of non-ferrous 
alloys is given in Section 2, which should be con- 
venient for most steel works’ chemists who are 
often called upon to analyse bearing metals, brasses 
and gun-metals, 

Finally a section is devoted to the micro-examina- 
tion of metals, which is based largely on the well- 
known work of Bauer and Deiss, of which the 
authors of this book are the translators. We believe, 
however, that it is a mistake to include too much 
under one cover, and the subject of metallography 
is so large now that only a very hasty survey can be 
attempted in the hundred or so pages which are 


allowed here. To the man whois already ere 





with the subject fully this section makes quite 
pleasant reading, and the information given is 
accurate so far as it goes, but anyone who was 
approaching the subject for the first time would get 
very little satisfaction from it, because he would 
have to take too many statements on trust. The 
typical illustrations given of martensite, troostite 
and sorbite are most confusing, and are really worse 
than useless to anyone seeking information. 

On the analytical side this book can be warmly 
recommended as one of the best yet published on 
the analysis of iron and steel, and it is on this 
account that the book will find most, if not all, of its 
readers. A word of praise should be given for the 
clearness of the printing and illustrations, although 
we notice quite a few printer’s errors. 
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Lonpox County Covunci 4 ScHOoLARsHIPs.—The 
London County Council have issued leaflets detailing the 
intermediate scholarships they are prepared to award, 
the latest day for the o' forms bei 
May 1 next. Full particulars can be obtained from the 
London Count wig ‘ee Officer’s Department, 
New County Hall, 8.E 





Tue REGENT-sTREET PoLtyTecuNic.—It is announced 
that Mr. Henry J. Spooner, C. E., the head of the 
School of at the Regent-street Polytechnic, 
will retire in July next. Mr. Spooner has occupied the 

ition for a period of forty years, during which time 
hy tee not been absent from his work illness 
hey i A ry gy Aegina pen 
occasion for # presentation by his past and p 


_ | following ted 
~ Presidential A Lane; 3 (1) Mr. C. R. Austin, “ Hydrogen 
_ | Decarburisation of Carbon Steels, with Notes on Related 
_ | Phenomena ”’ 
_| Structure of the Pearlite Grain” 


THE LATE MR. JAMES NOAH PAXMAN. 


We regret to have to announce the death, which 
occurred at his} residence, Essex Lodge, ang 
road, Bournemouth, on March 30, of Mr. James 
Paxman, one of the founders of the firm Davey 
Paxman and Co., Limited, Standard Irony, Works, 
Colchester. The firm was inaugu in, the year 
1865 by Mr. Charles M. Davey, Mr. Paxman ‘and 
Mr. Henry Davey, at premises in, Culver-street, in the 
centre of Colchester, but its growth was soj rapid 
that in 1876 it was found necessary to; provide a more 
extensive site for the various shops and offices; the 
present site of the Standard Iron Works was then 
chosen, and the works have progressed steadily since 
that date. 

Mr. Paxman by his inventiveness and energy carried 
out many im its in engine and boiler construc- 
tion, He took'a prominent part in the manufacture of 
boilers of the locomotive type with steel 
fire-boxes, instead of using for Lowmoor iron 
or In the early ’sixties, also, he experimented 
with the dry-back flue and tubular, boiler, and after a 
series of trials he put on the market his well-known 

** Economie ”’ boiler, a boiler'which has been widely 


used. Mr. Paxman was also a in experiment- 
with boilers of the water-tube t; 
he products of his works, tural machinery, 


portable engines, feed-water heaters, horizontal girder 
with the Paxman automatic prcipacr se gear, 
the ‘* Colchester ’’ compound engines, gas engines and 
producers, single-acting high-speed engines, high 
vertical double-acting compound engines, &c., have 
won distinction at the shows of the Royal Agricultural 
i and at other displays since the year 1869. 
From 1880 onwards, the “ Paxman” plant for the 
supply of electric current for lighting has been a 
feature of every British exhibition ; a plant of this type 
figured at the Paris Exhibition of 1889. During the 
late war, the Davey-Paxman works built engines for 
the Government and manufactuzed a quarter of a 
million shells, 
Notwi his active engineering practice, 
Mr. Paxman devoted much time to the welfare of 
Colchester and the county of Essex. He was on two 
occasions Mayor of the borough and acted as High 
Sheriff of the county in 1903 to 1904. His benefactions 
to the,town of Colchester have been very generous, 
and include substantial help to the Technical School 
for Science and Art, the gift of a part of the public park, 
the Victoria Tower of the Town Hall, and the tower of 
St. Leonard’s Church. Mr. Paxman became a member 
of the Institution of Mechanical Engineers in 1872; 


Y | he was made an associate member of the Institution of 


Civil Engineers in 1875 and became a full member in 
1896. At the time of his death he was in his ninety- 
first year. The engineering profession from the 
Victorian days owes much to men of Mr. Paxman’s 
initiative and ability. 





THe German Iron Inpusrry.—lIt is reported that the 
Union of German Iron and Steel Industries has applied 
to the Government for the abandonment of the export 
tax on half-finished products and rolled material, The 
manufacturers of galvanised plates, it is further stated, 
have decided to close down their export trade on account 
of it being impossible to sell except at a loss, 





Iron anv Sreev Ixstirors.—At the annual meeting 
of the Institute which is to be held at the Institution of 
Civil Engineers, Westminster, on Thursday and Friday, 
May 4 and 5, oe each day at 10.30 a.m., the 
to be submitted : 





(2) Mr. N. T. Belaiew, “The Inner 
; (3) Mr. H. C. H. 
Carpenter and Miss C. F. Elam, “ Effect of oe 
Gases at Low Pressures on Heated Iron” 3 (4) Mr. 
Clements, “ British Siemens Furnace Practice ” ; (5) Mr. 
E. W. Ehn, “ Influence of Dissolved Oxides on Carburising 
and Hardening Qualities of Steel”’; (6) Mr. A. F. Halli- 
mond, “On oa of Crystallisation i in the Carbon Steels : 
the Formation of Pearlite, Troostite and Martensite "’ 
(7) Mr? K. Honda, * ‘On the Constitutional Diagram of the 
Iron-Carbon System, based on Recent Investigations ”’ ; 
(8) Mr. K. Honda and Mr. T. Kilkuta, “‘ On the Stepped 
Al Transformation in Carbon Steel during Rapid 


Cooling”; (9) Mr. D. E. Roberts, “ ees on Blast 
Furnace Filling’’; (10) Mr. D. Sell * Recent 
Developments in Power Production” ; (11) Mr, A. 


Wesitgren and Mr. G. Phri nen, “X-ray Studies on the 
Cc tial Structure of Steel”; (12) Mr. J. H. Whiteley, 
‘ormation of Globular Pearlite ”; (18) Mr. N. Yamada, 
“On the Heat of Transformation of Austenite to 
Martensite, and of Martensite to Pearlite.’ The 
annual dinner will be held in the Grand Hall of the 
Connaught Rooms, Great Queen-street, London, W.C., on 
Thursday, May 4, at 7.15 for 7.30 p.m., under the presi- 
dency of Mr. Francis Samuelson. The autumn meeting 
of the Institute will be held in Lond on T 
Wednesday and Thursday, September 5, 6 and 7. 








students. Old students who desire to contribute are 
asked to communicate with Mr. F. R. 8. Rice, the 
Polytechnic, Regent-street, W. 1. 


Further particulars will be be seaggrer nv to members 
in the ordinary course, ther with the programme 





of the papers to be read at that meeting. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


ENGINEERING. 


(Specially Compiled from Official Reports of London Metal Markets.) 


JANUARY. 


w R 


BD 
JANUARY. 


Norg.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 


(7325) 


tions of the London Metal Exchange for fine “ foreign’ and “ standard” metal respectively. 
shown for lead are for English metal, whilst those for spelter are for American metal. 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. 
given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 
The pig-iron prices are for the East Coast hematite and Cleveland iron, both of No. 1 
The price of tin-plates is per box of I.C. cokes f.o.b. at 
Welsh ports, but in all other cases the prices are per ton. 


heavy sections. 
quality and for home consumption. 





FEBRUARY. 


MARCH. 


MARCH. 


The prices 


Each vertical line in the diagram represents 


a market-day, and the horizontal lines represent 1/. each, except in the case of the diagram relating to 


tin-plates, where they represent 1s. each. 





The prices 
Middlesbrough 
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MERCHANT SHIPPING AND WORLD COM. 


MERCE IN RELATION TO SEA-POWER.* 


By Sir Westcorr ABELL, K.B.E., M.Eng., Member 

of Council. 

I. Introduction.—Sea-power has for long been regarded 
as a force exerted on the world by reason of the possession 
of adequate war equipment, and the maritime Power 
which has held the greatest fighting fleet has been said 
to hold with it the balance of sea-power. This attitude 
of mind has of necessity been emphasised and exag- 
— particularly in the minds o1 naval architects, 

yy the needs of the Allied fieets during the late war. 
The design of vessels intended purely for fighting pur- 
poses occupied the attention of many of the foremost 
authorities of the profession, and it will, therefore, 
perhaps be of service to the industry as a whole if mental 
equilibrium is restored by a consideration of the shipping 
problem in its wider aspects. The political evolution 
of Europe has been largely dominated by the “ brute 
force ” theory that Might is Right, and it is an obsession 
of the mind to regard brute force (the possession of the 
most efficient power for the destruction of life) as the 
ultimate and deciding factor in sea-power. It is, indeed, 
a matter of common acceptance that only by reason 
of the existence of this superior brute force has Great 
Britain been able to impress her ideas of free and fair 
trade upon an unwilling and unready world. Such a 
doctrine is surely in the same category as that of the 
exponents of militarism, who believe in their own 
conception of world civilisation, and argue that there is 
no other way of achieving the advancement of the world 
than by the exercise of force. 

Far from this, it would seem from all points of view 
that the British Empire has achieved its world position 
not because of the possession of any splendid instrument 
of destruction, but because it has endeavoured to fulfil 
its duties and obligations wherever the British flag has 
flown. This conclusion is confirmed by an elementary 
examination of the enormous force that would have 
been necessary to have kept in subjection under un- 
acceptable customs and laws a dominion which enorm- 
ously exceeded, in extent and pépulation, that of these 
islands—the task would have been impossible with 
fleets many times bigger than any ever possessed by 
the whole of the maritime nations put together. Under 
the stringent demands of economic necessity, all nations 
are striving to reduce armaments, and the amount of 
reduction that can be achieved will be determined by 
the extent to which they realise that their success as 
maritime countries is dependent, not on their capacity 
for producing and maintaining engines of destruction, 
nor on their possession of ships, Sut rather on their 
willingness to accept and fulfil their duty to their neigh- 
bours, without measuring the financial benefits that 
~ 4 accrue, regarding the game of international relations 
as being of much more importance than the players of 
the game. 

If it be an error, therefore, to think that sea-power is 
cradled in brute force and nurtured by the gods of war, 
it is essential for purposes of discussion to endeavour to 
frame a more appropriate definition, and the author 
would submit the one given by him in a lecture on 
“The Merchant Navy in Wartime,” delivered in Glasgow 
in 1916, which is as follows :— 

“* Sea-power is the combination of a healthy commerce 
and mercantile marine with the military navy which 
ensures by force of arms such protection as will enable 
the unarmed vessels to carry out their proper functions. 
It may be said that a military navy springs naturally 
from a healthy commerce; in fact, in olden times, 
merchant vessels were the backbone of the fighting 
fleet. 

“The main factors on which a healthy commerce 
depend are :— 

**(1) A power of production involving a necessity to 
exchange products in order to carry on trade ; 

“*(2) A provision of shipping to carry products in 
exchange ; and 

**(3) Colonies to provide points of shelter and pro- 
tection, as well as to enlarge facilities of eater. 

“It is thus apparent that sea-power is mainly depen- 
dent on natural conditions, and the nation which 
possesses the natural conditions to the fullest extent, 
and has the capacity to use them to the greatest advan- 
tage, will of necessity enjoy the fruits of sea-power. 

“The natural conditions mentioned may be broadly 
divided into three large groups, viz. :— 

**(1) Geographical position ; ; 

**(2) Physical characteristics, including conformation, 
nature, and extent of territory, as well as number of 
population ; and 

*(3) Character of people, involving form of govern- 
ment.” : 

A complete study of the problem would require a 
profound analysis not only of the physical factors 
mentioned above, but also of the characters of the 
individuals composing the maritime countries which 
have played a part in maritime adventure. It may, 
however, be taken as a first approximation that the 
physical factors of the problem are at least as important 
as the character of the people, for without the opportunity 
and environment, no amount of personal exertion could 
possibly build up sea-power. It is therefore rather to 4 
consideration of the main factors essential to healthy 





TRE Late Mr. Atrrep Loreav.—We regret to read 
in the last issue of Le Génie Civil the announcement of 
the recent death of Mr. Alfred Loreau, the director of 
the said Paris technical journal since May, 1900. Mr. 
Loreau was born in December, 1843. On the com- 
pletion of his studies at the Ecole Centrale, and after 
acting for several years as partner in the engineering 
firm of Weyher. Loreau and Co., he settled in business at 


Briare, in the centre of France, to the south of Paris, 
and acted at the same time as director of various concerns 
having their central offices in Paris, among others the 
Bank of France and the Paris-Lyons-Mediterranean 
Railway Company. Mr. Loreau was president of the 
Société des Ingéni Civils de France in 1898. We 
extend our profound sympathy to our contemporary 
in the loss of such an eminent administrator. 








ec ce that attention will be paid in this paper, 
observing (what must be true of any country engaged in 
international trade), that although a nation may be run 
by politicians, yet its world position must be dependent 
on economics. ; 
Il. The Basic Data.—The eeonomic bases upon which 





* Paper read before the Institution of Naval Archi- 
tects, April 5, 1922. 
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pr aye is thought to be dependent are foreshadowed 
in the two factors of commercial prosperity mentioned 
wn iitepamanign al f prod ving 

(1) The ion of a power o uction involvi 
a necessity to exchange products Eo order to carry on 
trade, and 

(2) The possession of the necessary shipping to carry 
products in exchange. 

An approximate indication of progress in production 
can, per , be furnished by an examination of the 
statistics of pig-iron and coal output over a period of 
years ; an analysis of the figures of exports and imports 
will show the extent of commerce; and, finally, the 
more important of the two factors, the shipping possessed 
is obviously shown by the t of tonnage owned for 
any series of years. Although the collection of statistics 
is a branch of science which is yet in its infancy, it has 
been possible to obtain sufficient figures of :—{1) The 

t of t ge owned ; (2) the amount of pig-iron 
produced ; (3) the amount of coal produced ; and (4) 
the value of imports, plus 2 oom to indicate the general 
trend of world development from the year 1800 onwards. 
For the first part of this period estimates have onl 
been found at ten-year intervals, but over the latter half 
much more detailed and precise information is obtain- 
able. It is to be noted, however, that the figures of 
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tonnage owned in the world over the latter part of the 
period (from 1886 onwards) are obtained by combining 
gross tonnage of steamers with net tonnage of sailing 
vessels. These are, therefore, not strictly com- 
parable with the earlier statistics, say, up to 1880, 
which are presumably gross throughout. It is thought, 
however, that they will furnish a fairly satisfactory 
indication of the pro; of development. : 

With regard to the United Kingdom, statistics are 
naturally available toa far greaterextent. From various 
sources it has been possible to ascertain the total amount 
of net tonnage owned and the value of imports and 


TasBie I.—Values of Exports of Produce and Manufac- 
tures of the United Kingdom in Millions of Pounds 


Sterling (00,000’s omitted). 
Year. Official. Ad Valorem. 
1805 23,4 us oe 38,1 
1810 34,1 48,4 
1815 42,9 51,6 
1820 38,4 36,4 
1825 47,1 38,9 
1830 61,2 38,3 
1835 78,4 47,4 
1840 102,7 51,4 
1845 134,6 60,1 
1850 175,4 71,4 


exports for each year back to 1801. Fairly complete 
information is also available of the production of pig- 
iron, and estimates for various years covering the early 
part of the period are available with regard to coal out- 
put. From the year 1854 onwards complete annual 
information is obtainable for all four factors. It is to 
be noted, however, that no accurate for coal 
output are available prior to 1854, and t+ the rough 
estimates given are those obtained from time to time 
by various authorities by adding together certain avail- 
able coal figures (notably the quantity carried by sea) 
and making an allowance for the unknown factors. It 
is obvious that these estimates are too low, at any rate 
for the later years, as, for instance, the latest estimate, in 
1852, is 34,000,0¢0 tons, whereas the figure of produc- 
tion for 1854, as -iven in Hunt’s “ Mineral Statistics,” 
8 over 64,000,000 tons. Moreover, prior to 1854 the 











figures given in the official returns of imports and exports 
for this country are based on values fixed in the time of 
Charles IT and I, and although they furnish 
a guide to the development of British commerce over 
the first half of the nineteenth century, they are not 
comparable with su uent years. When the Convoy 
Duty was instituted in 1798, however, the actual value 
of the exported produce and manufactures of this country 
was returned. A comparison of the two values for this 
particular portion of the trade of the United Kingdom 
will _sor yl of interest (see Table I.). 
It will seen that whereas the official value was 
roughly two-thirds of the ad valorem figure at the 
ing of the nineteenth century, by the year 1850 
the official was nearly two and ahait times the ad 
valorem Prior to 1854, therefore, the “real” 
value of exports of United Kingdom produce and manu- 
factures has been added to the official value of imports, 
and of exports of foreign and colonial merchandise, to 
obtain an estimate of the total value of imports plus 
exports, for purposes of comparison. It is to be borne in 
mind, however, that this estimate is liable to error as 
regards the official values retained therein. It is also 
to be noted that in these four sets of figures for both the 
world and the United Kingdom, no account is taken of 
changes in the value of currency during the period 
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covered by the investigation. The curves of imports 
and exports are only pertinent in so far as they indicate 
the volume of commerce of the world and the United 
Kingdom respectively. It is obvious that the curves 
do not truly show the quantity of goods sagen le sea, 
since the purchasing power of currency has varied con- 
siderably over the period under review. It will be seen 
later, however, that it is possible to surmount this 
difficulty as regards the United Kingdom, for which 
more detailed and precise figures are available. 

Itl. The World Position.—As is mentioned above, the 
information so far collected with regard to the world 
as a whole is too m to permit of any detailed 
analysis. The four factors chosen, however, are given 
in Fig. 1, the available information being plotted on 
varying scales, to enable the curves to be shown on one 
sheet, and to facilitate comparison. It will be seen that 
the general trend of the curves is remarkably similar ; 
indeed, it may be a reasonable hypothesis to assume 
that the curve of merchant tonnage owned is fairly 
indicative of the development of sea-power ; pig-iron and 
coal production, though more usually quoted as guides 
to industrial development, are perhaps equally significant 
of the progress of commerce, and, apart from fluctuations 
in the value of currency, the value of imports and 
exports is an index of the quantity of goods carried by 
sea, The general relation between the four curves is, 
therefore, not surprising, since merchant shipping surely 
exists for no other purpose than the carriage of sea-borne 
trade. It is to be observed, however, that the tonnage 
owned in the world, alone of the four curves, shows a 
marked inflation, which apparently culminated about 
the time of the American Civil War. Thereafter it 
would appear there was a period of s tion until 
after the Franco-German War, when development once 
more proceeded at a fairly uniform rate. The curve is 
subject to various minor fluctuations subsequent to 
1885, the date after which full yearly information is 
available. A depression in the curve of commerce 
values is also to be noted, which, so far as can be ascer- 
tained, coincides roximately with the period of low 
ama that was noticeable, in this country particularly, 
rom about 1885 to 1905. 

Of more importance, perhaps, is the fact that in general 





trend the curves of coal and iron production appear, 
during the latter part of the perio’, to be gradually 
overtaking the curve of tonnage owned. To some 
extent, of course, this is due to the vast increase in 
industrial activity which characterised the latter 
of the nineteenth and opening years of the twentieth 
centuries, but it must also be pointed out that the 
efficiency of shipping has increased to a large extent, 
owing to improved design and organisation, and thus 
a smaller quantity of tonnage is required under modern 
conditions to carry a given volume of commerce than 
was the case 60 years . Thet y of the output 
of vital industrial products to overtake the curve of 
must, however, be discounted by reason of the 
character of the latter part of the four sets of world 
figures. It cannot be too strongly emphasised that the 
world, in the latter part of "the nineteenth century, 
embarked upon an era of over-production ; the curves 
demonstrate the fact that before ever the war and its 
attendant frenzied activities accelerated the process, 
development was proceeding at an abnormal rate. And 
an extended period of insta’ ility and depression was to 
be foretold, as the almost inevitable consequence. 
The opening phases of this collapse are only too evident ; 
but while it is to be readily conceded that the huge pro- 
duction of the war period hastened the inception and 
ex: ted the consequences of this debacle, it must not 
be forgotten that the seed of such a calamity was sown 
half a century earlier, and had already, before the war, 
come to over-ripe fruitidn. 

IV. The Position of the United Kingdom.—It has been 
seen from this brief study of the world position that 
indus and sea-power are vitally linked, and, more- 
over, that in general the amount of merchant tonnage 
owned is an index of sea-power. The available figures 
show that developments both of production and gom- 
mercial activity are reflected to a remarkable degree 
in the curve of tonnage owned. The United Kingdom, 
however, furnishes what is perhaps the finest illustration 
of the close relation between industrial progress and sea- 
power. Fig. 2 shows, on varying scales, the curves of 
the tonnage owned (in net tons), the amount of pig-iron 
and coal produced, and the combined value of imports 
and exports for the United Kingdom from the year 
1800 onwards. It will be observed that the approximate 
comparity of development seen in the world curves also 
obtains in the case of the United Kingdom. Here, 
again, the amount of to’ owned can be regarded 
as an index of commercial activity, but it is to be noticed 
that the di mces from general mutual relation are 
more marked than in the case of the world figures. The 
curve of coal production follows to a singular degree 
the general progress of tonnage owned; bos pig-iron 
production shows a period of marked inflation, and the 
curve of commercial values an almost equally large 
depression. 

ollowing the American Civil War, a period of ex- 
tremely — development was inaugurated in that 
country. This was reflected in a large increase of the 
pig-iron produced in Great Britain, then holding-a 
practical poly of production. During the period 
of inflated iron production in this country there were 
no less than three phases of immense railroad develop- 
ment in America, in 1870-73, 1880-83, and 1886-90, an 
aggregate of 100,000 miles of track being laid ous 

ansion requi 








these three ‘‘ booms,”’ The iron trade e: 
to fill the American orders for rails other products 
was not, however, reflected in an increase in the produc- 
tion of home ores, It was not perhaps possible at the time 
to adapt the furnaces to pt news the various grades of 
ore not gee in mans rat it is to be mouse that 
mtly no great effort was made, after these sharp 
a names short ‘“‘ booms,” to effect such a 
conversion. Foreign ores were first used to any great 
extent during the 1880-83 American railway “ ee 
and possibly foreign competition was responsible for the 
fact that thereafter the amount of British ore produced 
per annum has declined, although the amount of pig-iron 
eeseenn in the country has steadily increased. Fig. 3 
ows :— 

(a) The amount of iron ore produced in the United 

i om per annum, from 1855 onwards ; 

(6) The total amount of iron ore produced in this 
country, plus the amount of ore imported, over the same 
period (it is to be observed that imports of purple ore 
are not included in this curve); and 

(c) The curve of pig-iron produced, given for purposes 
of comparison, 

It may be noted that after the year 1880 the amount of 
ore imported increased at a fairly uniform rate, until, 
at the end of the period, the home production amounted 
to only two-thi: of the total amount available for 
consumption in this country. Comparison with the 
curve of pig-iron produced will show that throughout 
the whole of the period roughly two tons of ore were 
necessary to produce one ton of pig-iron. 

The only readily available guide to the volume of 

ce of this try is that provided . the figures 
of the total value of imports and exports. These figures 
naturally take no account of fluctuations in the value of 
currency, and, consequently, the low prices prevailing, 
say, from 1880 onwards are reflected in an abnormal 
depression of the curve of the value of commerce. It 
has not been possible to find any effective basis on which 
to calculate the towne of goods im; and ex- 
ported ; nor would this necessarily be the better basis, in 
view of the differing values of various commodities. 
Obviously, however, a curve of values which is subject 
to the many fluctuations that affect prices is not com- 
parable with curves which represent actual quantities 
of tonnage owned, or coal and iron produced. For- 
tunately, we have'a ready means of arriving at an 
ap roximate correction for price variation, in Sauerbeck’s 
F Tndex,” which gives the course of a prices of 
general commodities in England over cha motede of the 
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investigation, expressed as - 
years 1867-77. The 


of the 11 a 
yie a “correcting 
of considerable value. 


1) ports and 
ues corrected by inversion of Sauerbeck’s 
”; (3) amount of tonnage owned (for com- 
It will be seen that the corrected curve follows very 
closely indeed the curve of tonnage owned, even reflecting 
remarkable degree the abnormal variations of the 


period. we 

The foregoing comparisons indicate that the 
ened ie eee de ltnchinton of tamed made, 
This is, of course, i illustrated by the case of 
the United The world figures are i 
by overland trade, of which information is not perhaps 
as easily obtainable, but there is little doubt that if 
more complete data were available, the curves would be 
seen to be in remarkable ent. With the more 
detailed i i le in regard to the United 
Kingdom, it is to be observed that not only is there 
general agreement between the curves, but that obscure 
vagaries of t ge are reflected in the movements of 
Closer study also reveals fairly constant periodical 
fluctuations, and, further, that there is on the whole 
@ fairly constant “time lag” Between, say, the varia- 
Sone an fate, cok, Be. cameneee ie . For 
example, i improves to-day, tonnage 
sae Papin 0. be Wellinnees> clue months lates, end the 
demand for new vessels will begin to grow perhaps a 
further nine months later yet. 

V. The Relation between Shipping and Shipbuilding. 
—Pérh the best illustration of th i — 


ese 
fluctuations is the relation between the shipping 
wepueinns ofthe world. The relation between shipping 
shipbuilding for the United Kingdom is rather 
different from that of the world, for whereas, when the 
whole is considered, the only corrections are 
on account of marine losses and replacements due to 
obsolescence, yet for the United Kingdom or any par- 
ticular country, further allowance has to be made on 
account of shipbuilding for foreign account, and for sale 
to other countries of the older vessels. For example, 
di pre-war days some 20 per cent. of the ships 
built in the United Kingdom were for foreign account, 
while every year about 4 per cent. of the exi tonnage 
was sold to other . The figure for acements 
and marine losses of British vessels was about 1} per 
cent, for the years immediately preceding the war. It 
is therefore preferable for purposes of illustration to 
confine attention in the first instance to the world relation 
between shipping and we ean | Fig. 5 shows, for 
the concluding portion the period covered by this 








inquiry :— 

(a) The t of t ge (gross for steam and net 
for sail) owned in the world ; 

(6) The tonnage of vessels launched per annum ; 


ont’ The integration of the curve of tonnage launched ; 


(d) The net annual growth of tonnage owned. 

It will be seen from the curve of tonnage owned that 
there are periodical fluctuations about the mean value, 
of Mey re ae te small extent; it should be r 
bered, however, that the rate of change of the re! ing 
curve is really the world’s demand for shipb ding 
plus a correction for the replacement of obsolete shi 
and of marine losses. These lacements (as will 
seen from Fig . 6) under normal conditions are fairly 
constant at about 2} per cent. annum, so that the 
shipbuilding curve is really, in itself, a direct measure 
of the fluctuations in world chipping. This is clearly 
demonstrated both by the integration of the ship- 
building curve and by a comparison of the tonnage 
launched with the net growth of world shipping, as 
shown on Fig. 5. It is also to be observed that there 
is a fairly constant fluctuation of somewhere about a 
seven-year period, although the statistics available are 
not sufficient to enable more than broad deductions 
to be drawn. This correspondence between shippi 
and shipbuilding is also to Be found when dealing wit! 
any particular country, but here the demand is com- 
— by the introduction of certain new factors. 

he case for the United Kingdom may be taken as an 
a, and Fig. 7 shows, over the same period as 

. o- 





ae > The amount of net tonnage registered in the 
Ove) The oom of British-buil 

( amount ritish-built net tonnage added to 
the Linited om i per annum ; 

(c) The integration of the above curve ; and 

(d) The net annual growth of United Kingdom 
tonnage. 

It is interesting to compare the net growth of United 
Kingdom tonnage with the amount of British-built 
tonnage added to the United Kingdom Register. It 
will be observed that there are iodical fluctuations of 
the same order as were found in the case of the world 
fleet, but there is a considerable difference between the 
amount of British-built and the net increase of 


the United Kingdom fleet, The same result is indicated 
in the com between the i in 
the United Kingdom and the in of the curve of 


, where there is a much bi difference 
than occurred in the world comparison. This difference 
between the two seen is dependent on the amount 
of transference of existing tonnage from the 
to make the nature 


which shows 


ment demand for tonnage for the United Kingdom is 
made up. It will be observed that what may be called 





the net replacement demand arising from marine, 
casualties and obsolescence is fairly constant out 
a at about 200,000 tons net per annum, that 
the fluctuations in demand for British shipping a 
depend on the manner and extent to which old tonnage 
is sold to foreign countries. It is, further, fairly evident 
that it is the world demand for tonnage which causes 
the variation in the British shipbui programme, 
and not of necessity the demand from Great 
Britain alone. It is, however, necessary to make some 
wae y wom: the yee + on account of 
transfers from foreign to United Kingdom ownership, 
but, as the curve nawe, these are almost igible and 
fairly constant in amount except for the ial em 
which arose during the war. The alteration in the 
figures caused by British vessels built abroad was prac- 
tically negligible prior to the war. d 
VI. Periodicity.—It is fairly evident from the statistical 
figures presen above that some general remarks on 
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the nature and periodicity of the fluctuations which have 
been met with are desirable, and in this connection it 
may be observed that man’s juctivity depends on the 
work of his hands. In the elementary sense he tills the 
ground, sows seed and raises food, by the help of the 
rain and the sun. If there be all sun and no rain—or 
equally, all rain and no sun—he cannot grow food, and 
cannot therefore exist. He is dependent on the energy 
he receives from the sun, for his food, and for all raw 
material of vegetable and animal nature. Now in any 
energy system there is never at any time a unique, 
definite and steady state of affairs; there is always, 
however, a mean position of equilibrium about which 
physical conditions oscillate, always trying to attain 
&@ positive and unique state of equilibrium, but only 
reaching an exact balance for a momentary interval of 
time. hese positions of instantaneous equilibrium 
should, from the information available regarding plane- 

oscillations about the orbits, be expected to recur at 
periodical intervals. It is also known that in some 
respects the energy emitted by the sun varies in intensity, 
for it has been observed that the presence of sunspots 
is often accompanied by re 7 electrical disturbances 
on the earth, and astronomical observations over man: 
years have shown a certain degree of periodicity in the 

ces of such disturbances. 

erhaps the most direct manifestation of the variation 
of is the wheat yield of the world, the amount 
of yield varying from year to year, and, of course, 
revealing not only bad years, but bad groups of years 
in contrast with good periods. This phenomenon is, 
of course masked to some extent by the human element, 








which in p us times increases the under 
cultivation, until it is overdone, and reverses the proce- 
dure in dull . In another direction, the variations 
of the tides illustrate how planetary influence affects 
the energy of a system, with the result that it has been 
found possible to separate the individual effects of{the 
various planets, and b yy their influences, 
to predict to a reasonable degree of accuracy the height 
of tide at a jicular spot at a given oo There 
are, therefore, many reasons for supposing that as regards 
raw. material of vegetable and nee. 5 origin, the quan- 
tities available vary from time to time, and may be 
presumed also to vary in a periodical manner either 
simple or complex. On the contrary, it may be argued 
that. as far as mineral resources are concerned there is 
no such marked fluctuation in production, and that with 
close regulation of business affairs there would be no 
periodicity at all in the variation of output. But by 
regarding the industrial working organization as an 
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energy system, and applying to it the same reasonin 
as has been used ion to sretuntion of raw outed 
from vegetable and animal sources, it would appear 
that such a system would perform periodical fluctuations 
about a position of cudiiaian, and that the periods 
would to a large extent be influenced by the variations 
in the supplies of raw materials. 

It may Be taken that the amount of tonnage which the 
world possesses at any one time is a fairly accurate 
index of its trading activity, and it is also known-that 
the variations in tonnage (i.e., the demand for new 
ships) fluctuate in a very marked manner, and, as far 
as the short period over which statistics have been kept is 
concerned, in a fairly constant period. It is not to be 
inferred, however, that the periodicity is as simple as 
would appear from this particular example, and in 
general it must follow that the variations of any com- 
modity with time will be composed of a number of factors 
of different magnitude and different periods. It will 
further have been seen that variations in the output of 
@ particular commodity are followed by similar fluctua- 


y | tions in the demand for other goods, and that there must 


be a fairly constant “time lag ’’ between a development 
in one direction and the consequent increase of activity 
in other ways. For example, it will follow that an in- 
creased demand for cotton goods in the United Kingdom 
will mean a call for more raw cotton, and for more coal, 
but it will take time for such increas:s to be brought 
about, before the ships are available to bring in the raw 
material for the manufacturers, and the increased demand 
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for new ships will come some time after the call for more 
tonnage. 

It is therefore necessary to study at least three factors : 
(a) The periodicity and the amplitude of the fluctua- 
tions of the principal industrial manufactures; __ 

(b) The “time lag ” between the maximum orminimum 
variations of different commodities ; mm 

(e) The character and nature of the mean position of 
equilibrium. : 

As this last point, it will perhaps serve as an 
illustration of the principle involved to consider the 
introduction into the world of a new consumable com- 
modity which is of universal application. It may be 
supposed in the first instance that this article is produced 
in a perfect condition, but that the world is not aware 
of its value until a certain time has elapsed. Consequently 
its rate of growth during what may be termed the period 
of introduction will be comparatively slow. After that 
time, the d d will i at a constantly in i 
rate for a certain le: of time, i.e., until the whole worl 
has begun to demand the commodity in question in such 
quantities as it can reasonably absorb, which stage 
may perhaps be called the “ absorption period.” 
that time onwards, the rate of increase will fall off, but 
as the population of the world is increasing, the demand 
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for the commodity will increase, but at a gradually 
decreasing rate, because in the limit the world can only 
ultimately support a certain number of population, and 
therefore can ultimately only take a certain amount 
of the commodity. It will therefore follow that the 
character of the mean position of equilibrium on a time 
basis is divided into three portions :— 

(a) An initial portion, in which the rate of change 
with time is very slow. This may perhaps be referred 
to as the “ growth period.”’ 

(6) The second portion, in which the rate of change of 
growth is gradually increasing up to some maximum 
—— This may perhaps be ealled the “ absorption 
period.” 

(c) The last period of growth, in which the mean 
position is of constantly increasing value, but is increasing 
at a rate of change which decreases with time. 

It will be found that what is known as the Curve 
of Probabilities expresses in an approximate way 
these characteristics, and the mathematical expression 


ce 

y= Bez takes account of this kind of change, where y 
is the ordinate and zx is the time abscissa, and B and ¢ 
are constants to be determined by an analysis of the 
available statistics. It is considered that this expression 
gives the general form of the mean position of equi- 
librium, but to obtain the positive value at any given 
time the periodical fluctuations already referred to 
(which w: thaps take the form of a Fourier’s series 
composed of sine and cosine terms with definite phases, 
with the time lags appropriate to the various periodical 
variations) must be superposed, 

In order to give some more concrete idea of the appli- 
cation of this Princiale. Figs. 9 and 10 show analyses of 
the position of the shipping of the United Kingdom for 
the last 120 years. © actual net to istered 
in the United Kingdom for every year is plotted in 
Fig. 9, and the pe Boece garg mean average curve has 
been obtained and plotted at the centre of each fifty-six- 
year period. This actual mean curve can only be obtained 
between ag’ byes 1828 and 1891, but it has been exter- 
polated by the use of an equation similar in character 
to that of the curve of tobabilities, and these extensions 
are shown as dotted lines. Further analysis indicated 
that there was somewhere about a nine-year periodical 
fluctuation, and the peaks of such fluctuations are shown 
by marks on the tonnage diagram. These positions were 
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obtained by plotting the nine-year mean average curve 
and taking the average oscillation over any period of five 
years about the mean curve, as is shown in Fig. 10, In 
addition, as will be seen from both , there 
to be a big wave, with a period of somewhere t 
fifty to fifty-six years, and again the variation of such 
@ wave is shown in Fig. 10. 
Vil. Conolusiona.—tt is not the precise intention of the 
to draw specific conclusions, but rather to suggest 
means whereby the variations in shipping may be reason- 
ably understood and perhaps forecasted with some 
di of accuracy, seeing that in the chipteiens 
industry the fluctuations in demand are so very marked. 
It is fairly evident from the diagram showing the net 
wth of world tonnage that the additions which have 
en place since the war are much in excess of any 
variation previously experienced, and that co’ uently 
it would only be reasonable to expect that even if world 
affairs were restored to pre-war conditions, this excess 
of growth would naturally be followed by a considerable 
d in d d. It is further fairly evident, of 
course, that the unstable conditions at present existing 
in world trade are likely to be complex until the excess 
production of 1920 and 1921 has been properly absorbed 
in the various maritime fleets of the world. Beyond 
these broad conclusions it is not easy to make definite 








calculations, largely b the statistical evidence 
necessary is not available in sufficient detail for more than 
a short period of years. 


The paper has endeavoured to show to some extent the 
manner in which the problem of sea-power can be more 
or less scientifically studied, and to indicate approxi- 
mately the general character of the results which may 
follow from a more detailed investigation. Certain 
factors have of course been left out of consideration, 
notably what was termed in the definition of sea-power 
the physical characteristics of a nation, including 
therein the conformation, nature and extent of territory, 
as well as the number and quality of population. This 
factor, even if not itself one of the dominant elements 
in the building up of sea-power must influence it in a 
manner which has not yet been even approximately 


investigated. It does appear, however, that sea-power 
is influenced not nearly as much by the wielding of force 
as by the intelligent application of economical factors, 


which, in any system, must of necessity vary in a stable 
manner about the mean position of equilibrium. 

The author is particularly indebted to Mr, R. Y, 
Sanders for his help in connection with the detailed 
statistical work involved in this study, and also to 
Mr, A. W. Flux, of the Board of Trade Statistical Depart- 
ment, and Mr. G. C. Lloyd, of the Iron and Steel Institute, 
for their kindness in furnishing some of the 

uired. Reference is also made to authorities con- 
sulted in the preparation of the paper. 





THREE STEPS IN NAVAL CONSTRUCTION. 


Three Steps in Naval Construction : ‘‘ King Edwtrd VII,” 
** Lord Nelson,” ‘“‘ Dreadnought.”’* 
By Mr. J.B. Narsers, C.B.E., M.V.0., Member. 

In the papers contributed by Sir Philip Watts to this 
Institution in 1911 and 1919 some particulars have been 
given of the vessels mentioned above, Those papers 
showed that no less than 29 battleships of the “‘ Majestic ” 
type were built for the British bail | and that the type 
had been very largely copied ab . It is the purpose 
of the present paper to trace in some detail the following 
notable s' in British naval construction : vi Majestic 
to King Edward VII; (2) King Edward to Lord 
Nelson ; (3) Lord Nelson to Dreadnought. 

These three fore were of increasing importance, and, 
although of moderate magnitude compared with the 
great strides in warship construction which occurred 
at later dates, they provided experience which made 
the later advances possible. The consideration of these 
steps in naval construction will include some ine of 
interest, which may be worth recording in the Transac- 
tions of this Institution. 

Owing to the fact that the word “ Confidential ” was 
applied to all details of Admiralty construction, the 
von ay of the above vessels were not submitted for 

ublic discussion at this Institution; but if they had 

, there is no doubt that discussions would have 
arisen, rivalling possibly the historic debate in 1889 
on Sir William White’s paper ery hae the design of 
the “ Royal Sovereign” class. All the vessels having 
now passed out of active service, the Dreadnought 
herself having been sold for 40,0001,, fuller details ma: 
be recorded. It is perhaps as well to state that, altho: 
not discussed in public, the various requirements of the 
designs of these ships as to guns, armour, speed, &c., 
were very hotly debated in official circles, every Eccprem 
received the most careful consideration of the Admiralty 
Board, and full discussion of the various proposals and 
criticisms took place before orders were given for the 

tive ships to be built. 

n more recent years the work of criticism and review 
and of Mcted he. of pera, 4 Rick Oe bighiy 
armour, , &e., has nm unde en by a hi 
developed and most competent naval staff. This stadt 
is so organised as still to leave the final consideration, 
for ¢ of construction 
with the Board of Admiralty on the one hand, and for 
the correct preparation of the actual designs with the 
Director of Naval Construction on the other hand, 
The requirements of all Admiralty Ds ents have to 
be considered, correlated, and embodied in the designs 
by the Director of Naval Construction before the com- 
serge proposals are submitted to the Admiralty Board 
or approval; and all these authorities have also to be 


satisfied on every detail concerning their respective 

ciscipal ‘pastiosla’s. of the Sypioal’ shi 

inci particulars typical ships con- 
sdeced ‘in the aper, viz., Majestic, 1 ; F i y 
1898; King ward VII, 1902; Lord Nelson, 1904; 
and Dreadnought, 1905 are given in tabular form.* 
These show the gradual increase in dimensions and 
illustrate the fact that pia yo the displacement had 
increased by 3,000 tons and horse- had been 
doubled, the complement of officers men remained 
practically constant—a striking evidence of the develop- 
ment of mechanical appli and -savi 
devices. The tables also show that while the 
loads to be carried increase by very large amounts, the 
weight of hull increases at a much lower rate. The 
extra weight involved by the various improvements 
and developments of detailed fittings added for various 
purposes in the process of time, and the additional 
weights for the structure of ships of increasing dimen- 
sions were balanced by savings effected by improvements 
in design and details. 

** Majestic’’ Class.—The Majestic, as the starting- 
point, deserves a little fuller notice than has yet been 
given. A notable feature in the construction of this 
ship is that, as in her prototype the second class battle- 
ship Renown, the magazine spaces are arranged beyond 
the ends of the machinery compartments, but yet within 
the fore and aft extent of the armoured citadel, This 
constituted a great improvement on the Royal Poversign, 
which ship had range along the middle line of the 
ship between the boilers, and also beyond the belt forward 


aft. 

Another great advance on the Royal Sovereign was 
in the design of the heavy gun mcentingn, which 
embodied a revolving hoist, so that with the aid of 
hydraulic rammers fitted in the tail of the gun-shield the 
gn could be loaded at any angle of training, and a 

reak in the ammunition supply was provided, thus 
increasing the safety. In the Royal Sovereign the 
ammunition trunks were fixed in the ship, after 
every round the guns had of necessity to be trained 
back to the middle line for reloading resides this, the 
12-in, guns in Majestic were provided with 10-in. armoured 
shields, whereas in Royal Sovereign the were 
entirely above the protected top of the turntable and the 
large openi around and beneath were a source of 
danger. Al ough in the earlier vessels of the class 
pear-shaped barbettes were fitted, with a fixed loading 
position on the ship, in the Cesar and Illustrious this was 
given up and igadine within the tail of the shield was 
relied on for all-p The central part of the ship 
was protected by a deep citadel of 9-in, armour, which was 
joined to barbettés of 14-in. armour forward and aft. 

he sides forward and aft were unarmoured, but a 
~_— eurved protective deck extended from the base 
of the citadel to the bow and stern. The 6-in. guns were 
protected by casemates with 6-in. front plates. 

The most important feature in the construction of these 
ships was, however, the protective deck inside the 
citadel, which was made 3 in. thick on the horizontel 
partion and 4 in. at the sides, which sloped down to 
ower of the armour following the style introduced 
by Sir W. H. White in the Renown. The protection was 

us a combination of the armoured citadel of the 
battleship with the thick deck of the protected cruiser, 

Considerable discussion had taken place as to the 
virtues of a protective deck, with sloping sides, 
fore and aft under the coal bunkers, ending 4 ft. or 5 ft. 
below the water-line, as compared with the protection 
of a shallow belt of armour in conjunction with a thinner 
deck carried horizontally across the me. 2 it. or 3 ft, 
above water, at the upper edge of the belt. Sir William 
White had vag | t misgivings about the matter, 
and the author af the rivile of making calculations 
and investigations as to the results of bilging and flooding 
the bunkers of cruisers thus protected, and of the bilging 
and flooding of hypothetical ships in which the alterna- 
tive arrangement of a narrow armour belt was adopted. 
The results were embodied in a series of diagrams which 
permitted the metacentric height obtainable under 
ore conditions of damage to varying lengths of the 
ship’s side to be read off very easily by means of special, 
constructed cross curves. The di also show’ 
the sinkage and heel of the ship under the assumed 
conditions. The results produced a very deep impression 
on Sir William White’s mind, and he was so convinced 
of the value of the system—the lower ition of the 
protective deck that he obtained their Lo ° 
approval to adopt it in the Renown in conjunction with 
an armoured citadel, and this system has been followed 
in the British Navy ever since, 

** Can ” Class,—While the first vessels of the 
“* Majestic ” class were being built, a great outcry arose 
in the country against the building of such large battle- 
ships, and such a persistent demand was made for 
smaller first-class battleships that the Government, 
and the Admiralty of the day were compelled to build 
smaller and necessarily inferior ships. One of the chief 
a egy Ms Bae small battleship was so late Lord 

rassey, er the great pressure of public opinion, 
the Admiralty ordered, in W897, six ava of the 
“Canopus” class. They were similar in general desi 
to the Majestic, but of smaller dimensions. The princi 
armour protection of the ship’s side was reduced to 6 in., 
and other reductions were made, but for many years 
they were counted in the British lists as first-class 
battleships. 

** Formidable "’ Class.—In the following year, 1898, 
the first vessels of the ‘‘ Formidable ” class were o ° 
In these a number of improvements was effected. By 
the adoption of water-tube boilers (Belleville type) the 
horse-power was increased from 12,000 maximum with 








* Abstract of read before the Institution of 
Naval Architects, April 5, 1922. 





*We regret that pressure on our space vents us 
from reprinting these alten —iie. E. sis 
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forced draught, to 15,000 with natural Grong. 
ots to 


ve an increase of maximum speed, from 

fs knots, but for practical steaming pu for long 

, @ gain of at least 2 knots. This was accom- 
plished with an increase of only 8 ad cent. in the weight 
of the machinery. Better guns of each type were pro- 
vided, and, as in Cesar, circular barbettes were adopted. 
A rearrangement of protection took place; the main 
deck, over the citadel, was made 1 in, thick, the pro- 
tective deck beneath being reduced by the same amount. 
In the first three vessels a broad belt of 3-in. plating 
was carried along the ship’s side from the citadel to the 
bow, and, in the wake of the water-line aft, the ship’s 
plating was made 1} in. in thickness. This necessitated 
@ reduction in the thickness of the barbette armour 
from 14 in. to 12 in. In the last six vessels the bow 
protection was further improved by it up to 
the main deck, and its thickness was in gradually 
up to 7 in, where it met the citadel. The forward armour 
bulkhead was replaced by a thick sloping deck, near the 
forward barbette. 

A greatly improved form of stem was fitted in which the 
scarph at the water-line was abolished, and a hea 
casting was made to form a very formidable snout wit 
its strongest part at the point where it would impinge 

i armour, in case of ramming, which was then 
considered to be a very important provision. The 
casting was carried along to form the sides of the ship 
and extended far enough aft to run the supporting 
plating and doubling right into the rabbets without 
curvature in a fore and aft line, thus giving the ram 
of 34 tons, efficient support. 

“Duncan” COlass.—-About 1896 the newspapers 

orted that Russia was building a number of cruisers. 
The building of second-class cruisers instead of battle-ships 
also received some amount of credence from the action 
of the Czar in connection with the Hague Conference. 
The vessels were next reported as armoured cruisers, 
but when the available particulars of the vessels were 
pieced together it was revealed that they were not 
cruisers, but very speedy battleshi; the ships known 
later as the “‘ Peresviet” class. To meet these vessels 
a group of six 19-knot vessels, the “Duncan” class, was 
ordered. ‘These were generally very similar to the later 
“ Formidables,”” but with an extra knot of and 
with side armour reduced from 9 in, to 7 in, in thickness. 
The 7-in. Krupp cemented armour was of greater pro- 
tective value than the 9-in. Harveyed armour on the 
“ Majestics ” and the earlier ‘“‘ Formidables.”” A change 
was also made in the protective decks, another inch 
being transferred from the lower to the upper protective 
deck over the citadel, the upper then being 2 in. thick 
and the lower 1 in. on the flat and 2 in. on the slopes. 
Other minor reductions were made, the displacement 
being reduced from the 15,000 tons of the Formidable to 
14,000 tons in the new ships. 

“King Edward VII” Class.—The step from the 
Majestic to the King Edward VII was not a very large 
one compared with later steps, but it was of some 
importance as being the first break-away for a good many 
years from the former type. The King Edward VII was 
about 9 per cent. greater displacement, 25 ft. longer and 
3 ft. broader than the Formidable, while the form was 
slightly finer to give as of 18} knots with an increase 
of 3,000 h.p. The ition of armour followed 
generally that of the later vessels of the ‘‘ Formidable " 
class, with the following c : The armour on the 
side before the citadel was tly improved, and the 
water-line abaft the citadel was protected by 3-in. 


plating instead of 1}-in. ws ; the casemate system 
was modified by com y pla in the sides from the 
main to the upper aoe ove See aan ener 

fitting 1-in. and 2-in. splinter bulk- 


with armour, and 
heads between the 6-in. in the battery thus formed. 
The citadel armour of this ba was made 7 in. thick, 
and in order to simplify construction and retain the great 
benefit of the casemate system of port protection the 
ship's side behind this armour was made vertical. 
similar plan was afterwards adopted in the battery of the 
i , and was the subject of a patent by a private 
shipbuilding firm. The deck protection was slightly 
modified by fitting a substantial main deck under the 


6-in. guns in place of the 1l-in. protective deck in the 
Formidable, and by co: the deck forming the 
roof of the bat The chief ch , 


of 1-in. plating. 
however, was in the armament. As pointed out by Sir 
Philip Watts, the secondary armament of British ships 
had ome inferior te that of foreign vessels, and this 
was rectified by the four 6-in. casemate guns 
on the upper deck by four 9-2 in. guns, in well-protected 
ids, on mountings of the same type as those which 
had proved successful in H.M.8. Drake, &c. 

In the design of this ship allowance was made for 
many of the savings which had been effected in the hulls 
of the vessels of the “Formidable” and “Duncan” 
classes. On this account the weight of hull was reduced 
by 250 tons. In the 5,900 tons allowed for hull, the 
structure ra, amounted to only 3,340 tons, the 
remaining 2,560 tons being used up for internal supports, 
bearers and fittings of a miscellaneous character. The 
structural weights, 3,340 tons, amounted to 20-4 per 
cent. of the displacement, and the hull fittings, &., to 
15-7 per cent. 

The armament it was an increase of 50 per cent. 
on the Formidable, due partly to the power of 
the 12-in. guns, but chiefly to the ent of the 
four 6-in. in casemates on the upper deck by the 
four 9-2-in. guns with their , mountings and 
ammunition. : 


diameter of the barbettes was reduced from 37 ft. 6 in. 
to 34 ft., a reduction of nearly 10 per cent., which meant 





a saving of about 300 tons on turn-tables, shields and 
barbettes. If the turn-tables, shields and barbettes had 
been increased in the ordinary way to accommodate 
the longer guns, increases of at least 10 per cent. would 
have been involved, instead of this reduction, giving an 
addition amounting to 600 tons, and as a result the 
ai Edward Moa would have any: over 17,000 tne 
i ent. e same t of 12-in. moun! 

was used in the Dreadnought and contributed to the 

ing of the cag” armament on the small! displace- 
ment of that ship. It embodied the chain rammer for 
loading at any angle of elevation, as introduced by 
Messrs. Vickers and in H.M.S. Vengeance, and by 
its means the rate of firing was increased to one round in 
32 seconds instead of 45 seconds. 

“Lord Nelson” Class.—On the appointment of Sir 
phe: Watts as Director of Naval Construction a most 
complete reconsideration was given to the question of 
battleship design, and numbers of alternative 
Tecaum te den tne discussed by the Board of 
Admiralty. In these types many variations of gun-power, 
armour and were considered, but the predominant 
note at the time was to combine all the given qualities 
in a veasel of the smallest possible displacement and cost. 

During the same period, and side by side with this work, 
a very exhaustive inquiry was made by the direction of 
the then Controller of the Navy, Admiral Sir William H. 
May, as to the relation between the gun-power and the 
oo — to different classes of ships. Rival 

ete esigns were pitted against each other in 

4 i were prepared to show the relation 

een the gun-power of the attacking ship and the 
defensive value of the armour on the od attacked, as 
follows : The area of ship’s side protected by each class 
of armour and the unprotected areas were worked out 
and set along a horizontal scale as a base. Against this 
base ordinates were set down to scale, showing the thick- 
ness of the armour extending over the areas protected, 
allowance being made for the curvature of armour on 
barbettes. Setting off again from a second and parallel 
base line on the same diagram, another set of ordinates 
was Frege showing the projectile weight which could 
be delivered from each class of gun in the attacking ship 
in a given time. Horizontal lines were drawn showin; 
the poundage of each class of projectile delivered, an 
areas which could resist the attack from the several 
— . of zane pen pon pe npr blue, while areas 
which wo estro the tive were 
coloured red. sites awe ie 

These diagrams showed two things very clearly. In 
the first place they showed that, under the conditions 
assumed, the extent of the damage—and therefore the 
probable rate of damage in a given time—due to the 
secondary armament, was conspicuously less than the 
dam: resulting from the principal ar t; and 
secondly, that the damage by the principal armament was 
so extensive, that the whole of the portions of the ship 
containing the secondary armament would be swept 
away before the secondary armament could get within 
effective range. The corollaries were two in number : 
(1) that a very much better protection was required over 
a area of ship than was then the custom ; (2) that 
in a ship action the value of a secondary armament was 

small in comparison with the destructive power 
of the main armament. The result is seen in the general 
design of the Lord Nelson in which the armour protection 
throughout is a great advance upon that of the King 
Edward VII. The secondary armament of 6-in. guns was 
entirely given up, and a powerful armament of 9-2 guns, 
having far ter range than the 6-in. guns, was carried. 

Before design of the Lord Nelson was finally 
approved an alternative sketch —_ was put forward 

ing both corollaries to their full conclusion, a main 
armament of twelve 12-in. guns only being s ted 
in the place of the mixed armament of four 12-in. and 
ten 9-2-in. guns, but at that period the Admiralty Board 
were not ay gy pate to accept such a radical change. 

It was laid down as a condition of the design of Lord 
Nelson that she should be capable of being docked in 
No. 9 Dock at Chatham also in No. 5 Dock at 
Devonport. The former set a limit to the breadth and the 
latter to the length of the ship. A speed of 18 knots was 
required, and some difficulty was found in obtaining the 
displacement and de; of fineness required under these 
conditions. Sir Philip Watts adopted the bold expedient 
of making the sides of the ship amidships straight and 

to the batter of the entrance to the Chatham 
ocks, and the bottom of the ship quite flat, in order to 
make the midship section and the dis lacement as large 
as possible. Starting from this midship section, a new 
set of lines was drafted, in which special prominence 
was given to ing the water-lines as easy as practicable 
in the forward y, and the buttock-lines as easy as 
possible in the after nes & The deadwood was cut 
away, and a balanced rudder was fitted of the kind so 
successful in the Drake. The result was most satis- 
factory ; and when the model was run a very low resis- 
tance was noted. It was found that although the shi 
had such a full form, there was practically no visible 
disturbance in the water at the stern of the model, the 
usual diverging wave systems not being in evidence. 
The mancuvring qualities of the roved most 
satisfactory, and notwithstanding the large block 
coefficient, she was easily kept upon a course. 

It was realised that in a ship having guns in eight 
turrets, all on the upper deck, Special steps would be 
required to prevent interference and damage by gun- 
blast or by actual shell-fire. It was also that it 
would be quite impracticable to fit limiting stops to 
prevent every gun firing into its neighbour, and it was 
therefore that a system of turret danger 
signals should be fitted. These were actuated by rubb’ 
contacts fitted on the revolving trunks and hoists, 
ee of fire of any involved 
danger, a loud electric buzzer gave the alarm in the gun- 








house or turret of the gun which was liable to do damage. 
On receiving this signal the gun was trained away, and 
when clear of the fouling-point the buzzer ceased. This 
arrangement proved most successful and invaluable, 
and has been adopted in all later ships. 

In the subdivision of the hull a very great improvement 
was made. The ship was divided into a number of large 
sections by transverse bulkheads, which were not 
perforated for doors, nor for any open pipes. The old 
main i system was entirely abolished, the pump- 
ing arrangements being dealt with in each section. The 
ventilation was also dealt with independently in each 
section, and thus a great gain in safety was reached. 
To compensate for the inconvenience in the machinery 
rooms, Officers’ lifts were fitted to each main compartment. 
peter keels were fitted within the ship in place of the 
docking keels, as in King Edward , and bil, 
keels were fitted of the maximum depth permissible. 
These were only 1 ft. deep at the midship section, but 
were broadened out forward and aft. 

The Lord Nelson was the first battleship designed to 
carry large quantities of oil fuel, and with this in view, the 
minute watertight sub-division of the double bottoms 
was dispensed with, and the oil carried in tanks, which 
were made of the largest practicable size, between the 
transverse anager nar - order to reduce the number of 
filling, suction and ventilati ipes and fitti required. 

The question of deletion: Cgdiat to pbenk attack 
was at that time considered a most serious one, and the 
development of 12-pounder and other anti-torpedo 
boat guns and of searchlight systems was carried to a 


very t extent. To accommodate these and 
se ights a very large flying deck was built. This 
inv 


a good deal of weight, and proved a very great 
convenience and comfort at sea, and owing to the square 
form of section offering great resistance to rolling, the 
ship proved most steady and comfortable in a seaway. 
= Lord Nelson was the first vessel in which magazine 
cooling arrangements were fitted during construction. 
CO2 yas rH machines were fitted, which cooled 
brine of calcium chloride. The brine was circu- 
lated to positions near the magazines, where specially 
designed coolers somewhat resembling small condensers 
were fitted. The cooled brine passed through the pipes, 
and electrically driven fans circulated the air from the 
magazines through the coolers, thus continually main- 
taining the low temperature uired in the magazine, 
without fitting insulation on the bulkheads. The details 
of this magazine cooling needed careful consideration, 
owing to the lack of information available as to certain 
essential points, such as the rate at which heat would 
pass bray a steel bulkhead when the temperatures on 
opposite sides were relatively low and did not differ by, 
peers, more than 30 deg. or 40 deg. The brine pipes 
Tequently had to pass through heated spaces and were 
lagged with sections of compressed cork wrapped in 
canvas, while the sluice valves and pipes were insulated 
from the bulkheads and deck by means of ‘‘ Woodite,” 
and these two substances proved most satisfactory. 

While the design was being prepared, considerable 
discussion was in pro as to the best method of 
conning vessels in action, and it was decided that it 
would a plan to navigate the vessels under 
ordinary conditions from the same position as would 
be used in war, i.e., from the conning-tower. The 
conning-tower was enl and the means of control 
developed with this end in view, no bridges or fittings 
of any description being provided above the conning- 
tower. It is rather remarkable that in the case of 
both ships—Lord Nelson and Agamemnon—the com- 
manding officers first appointed seriously objected to 
going to sea with the arrangements thus vided, and 
as a result flying bridges, which formed a somewhat 
notable feature in the appearance of the ships, were added. 

In the building of the ships the same kind of pressure 
as to reduction of weights was maintained, and not- 
withstanding the relatively small allowance for hull, 
the Lord Nelson was finished at a displacement of 
16,090 tons, in place of 16,500 as designed, which included 
100 tons of Board Margin, which was not used, thus 
showing a saving of 310 tons. The Lord Nelson and 
Agamemnon were not repeated. While they were 
building a Committee on Designs recommended a great 
— A eee which was embodied in the Dreadnought 
) 5. 

ey ee account of the et of — —_ 
mittee on Designs and the princi particulars o 
H.M.8. Dreadnought have eleaty bemn iven by 
Sir Philip Watts (Trans. I.N.A., vol. liii), The change 
from Lord Nelson to Dreadnought was very spectacular 
in that the mixed armament of the former was replace: 
by the ten 12-in. guns of the Dreadnought, but this 
involved ey no my of weight. 

The hull of the vessel had the benefit of the great 
savings on hull which had been accomplished in previous 
ships ; and this may be summarised by saying that the 
vessel was actually built with a hull of the same weight 
as that of the Jupiter (“* Majestic ” class), although the 
Dreadnought was of nearly 3,000 tons greater displace- 





ment. The saving on the design of 12-in. mountings 
effected at the time of King Edward VII was also an 
important help. 

‘wo other very important tters contributed to 
obtaining the high speed of 21} knots. It was realised 


that the ship was of an entirely novel, epoch-making 
character, and a effort was made to draft a set 
of lines which 


the required di t on 
the dimensions provisi arrived at, with the smallest 
horse- icable. hen the model made to these 


power 

lines was tried in the Tank it was found that 23,000 h.p. 
would suffice for 21 knots, whereas the best estimate 
that could be made on the basis of previous forms of 
equal fullness required 28,000 h.p. This saving of 
5,000 s.h.p. meant saving one row of boilers and 25 ft. 


on the length of the ship. 
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Secondly, the high speed obtained by H.M.8. Amethyst | for whom i ents were made, including | 25 Ib. steel plating, and the inner bottom er tank 
with turbine machinery had made a deep impression on | the provision of a large reading room. This was not| of 17-lb. plating, while the transverse frames are 4 ft. 
the minds of the constructors employed on the work. | altogether satisf , a8 the Admiral’s cabins were of| apart. It is regretted that space does not permit a 
The Amethyst had devel on three shafts about half | necessity in the mi of the working parts of the ship, | full description and — 
the horse-power required, and it was pro that | and the officers’ and men’s accommodation were not As completed the D nought proved a wonderful 
Parsons turbines, driving four shafts, should be adopted. | sufficiently ted. The arrangement was not sea boat, her sea-keeping qualities being of a surprisingly 
The engineer-in-chief, after inq , was able to accept | adhered to in later ships. It may also bé, perhaps, | goodcharacter. This was paw due to the following :— 
this osal. Much discussion followed as to the speed | of interest to note that a Committee of the Royal Naval (1) High freeboard of 32 ft. at the bow. 
at which turbines were to run. Sir Charles Parsons was | Medical Service inspected the ship, and Sir Frederick 


able to give very material assistance in this matter, 
and the design was approved for 23,000 h.p., to be 
developed equally on four shafts at 320 revolutions. The 
installation was a great success, 26,000 h.p. being 
developed on trial, and a speed of 21-6 knots at 32 
revolutions. By the improvement in the lines, and the 
adoption of turbines, the 21 knots was obtained for 
23,000 s.h.p., and this power was obtained on a weight 
of 1,990 tons. Otherwise a much larger vessel would 
have been required to accommodate the machinery, 
and a vessel of perhaps 20,000 tons and 30,000 i.h.p. 
would have been needed. This was the real reason why 
the building of the Dreadnought stopped foreign baittle- 
ship building for a period, and not the fact that she could 
carry 8o many 12-in. guns, Figs. 1 and 2 show how 
marked was the improvement in propulsion and how 
great were the distances the D: nought could steam 
compared with P ing vessels, 

The increased length of the ship compared with Lord 
Nelson, particularly the greatly increased length over 
the 12-in. gun barbettes, necessitated a very large increase 
in the weight of the armour and of the protective decks. 
The disposition of the armour was, however, very 
carefully considered, and as already stated by Sir Philip 
Watts, the armour was accepted as sufficient, in com- 
bination with the other features of the design; it had 
not been cut down for the purpose of reducing the dis- 
placement, but the whole of the proposals harmonized 
well on the outline —_ put forward and accepted. 

There can be no doubt whatever that the change from 
the more extensive armour arr ments of the Lord 
Nelson was accepted at the time without the slightest 
qualification or demur by the officers conce In 
order to illustrate this point Fig. 3 has been ——_ 
comparing this et with the woah change 
which took place eighteen years before, when the Naval 
Conference adopted the Royal Sovereign, and passed 
from armour protection of the “‘Trafalgar’’ type shown 
at A to that shown at B, a change of the same 
character, but much more pronounced than in the ch 
in 1905 from the Lord Nelson as at C to the Dreadnought 
as shown at D. The contour of the stem was modified, 
the idea of ramming being entirely dropped, and the 
ship confined to gun and torpedo for offence. 

n the working out of the design it was appreciated 
that the arrangement of masts, fire control, Toate and 
signals would require careful consideration, and a small 
committee consisting of Captain Jellicoe, Captain 
Madden and Captain Jackson, all of whom have since 
risen to the highest ranks and honours, were deputed to 
look into these matters very carefully. Nine plans were 
prepared showing as great variations as were possible 
within the limits of the spate. These were carefully 
considered, and as a final result the design embodied 
a tri mast standing just abaft the foremost funnel. 
The lifeboats were handled on each side of the ship by a 
pair of topping davits, with the heels fitted on the after 
superstructure above the line of fire of the broadside 
guns. The heavy boats were handled by hydraulic rams 
designed to operate the hoist by a single lift and to top 
the derrick by a double purchase. “SBy this means it 
was possible to place both rams on the middle deck 
behind side armour, and the arrangement worked very 
well. 

Special attention was given to the steering arrange- 
ments. Two rudders were fitted, which were directly 
in line with the inner shafts and gave very remarkable 
mancuvring power to the ship. At the time of the 
design the only place which could be found for the 
steering engines was at the bottom of the engine-room 
bulkhead. This necessitated difficult shafting arrange- 
ments with skew ing. After the first few days 
away from port it was noticed that the rudders ap 
to hang a little. They had been deliberately over- 
balanced in order to lessen the twisting moment on the 
rudder-heads when going astern, but events showed that 
the overbalance was greater than was expected; and 
although at first no trouble was —— it is probable 
that the skew geering howe slightly deformed, because 
after a while, when the rudder was put over at full speed 
to 35 deg., the engines could not bring it back beyond 
25 deg. until the speed had fallen perceptibly. It was 
afterwards found that in the ship as built the steam 
steering engines could be shifted so as entirely to avoid 
the use of this ing. Engines of greater power were 
fitted in the new positions with direct shafting and 
proved a great success. 

On her first voyage the Dreadnought went to the 
West Indies to carry out calibration tests with her 12-in. 
guns and returned at an @ speed of 19 knots for 
the whole distance. On being docked after this, a very 
remarkable discovery was made: The side plates of the 
port rudder had opened at the forward end ; the forward 
portion of the frame of the rudder—a steel forging of 
considerable weight—had been carried away ona ted 
— through what Ts of the after part of the 
rudder, making a very large hole through the plating on 
both sides. Even with the greatly i d obstructs 
thus arising, the turbines had kept up the of the 
ship to the named above, and alth vibration 
of the port had been noticed, no one on the ship 
had any ides of what had happened until the ship was 


Among other minor matters it ma be noted that in the 
readnought the officers were pone hectare forward, 
the whole of the spaces aft being utilised for the men, 








Treves reported upon the sick bay arrangements as 
being “ perfect in position and in everything else.” 
carried 2,900 tons of coal, 1,120 tons of oil 
fuel and 120 tons of patent fuel. The disposition of the 
coal in the bunkers was most carefully considered and the 
bunkers with the utmost care, in order to 
minimise the work of trimming coals fore and aft, at the 
same time keeping the ship on a practically even keel, 
whether the bunkers were full of coal or quite empty : 
and this was accomplished. Another matter contributed 
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very largely to the comfort of officers and men on the 
ship, in that carefully-planned ments were made 
for coaling entirely through coaling shoots led to the 
upper deck. All trunks between decks were either 
watertight or dust-proof, so that the inconvenience on 
coaling was red to a mini ; in fact, on the last 
oceasion that the author visited the ship, the vessel was 
alongside the Coal Depot at Portsmouth, and coaling was 
in full progress while the cabin bulkheads between decks 
were being repainted. 

It is well known that the vessel was built in record 
time. In order to facilitate this the hull structure was 
designed so as to secure the utmost simplicity in every 
way, and at the same time to provide the exceptional 
rigidity required in the decks and bulkheads in order 
successfully to withstand the shock of firing such a large 
number of heavy guns. The number of steel sections 
used was reduced to a minimum ; and a great effort was 
made also to adopt plates of the several thicknesses 





uired in standard sizes, so as to avoid the usual labour 
waste of time in cutting and sorting plates. Con- 
siderable quantities of plates were orde to 


sizes, settled on, &c., and by this means an a suppl 
of materials was maintained well in advance of the wo 
on the ship. In the dockyard it might be said that the 
ship was very largely built from the mould loft, and the 
excellent work laying off and repering the detail 
drawings was conmtall oth under Mr. J. R. Bond, who 
afterwards left the service, but whose splendid work 
contributed in no small degree to the rapid, economical, 
and efficient building of the vessel. The hull of the ship 
cost less than that of King Edward VII or Lord Nelson. 
In view of the recent discussion as to framing of 
merchant ships, it may be remarked that the outer 
bottom or shell plating of the Dreadnought consists of 





(2) Great flare of the forecastle, the flare being carried 
as far aft as practicable in the ship, and only reaching the 
upright amidships. 

(3) The almost rectangular section midships which 
offered great resistance to rolling. 

As showing the value of the high freeboard, it may be 
remarked that on one occasion, ru across waves 
about 500 ft. long, and 15 ft. high, at a speed of 19 knots, 
when plunging into the crest the green sea came up a 
few feet above the head of the stem, and, when the 
— over the crest, the forefoot was fully exposed 

or 20 ft. or 30 ft. along the straight of the keel. 
There was also a slight sea coming from the starboard bow 
at the same time, but the vessel was perfectly dry and 
wonderfully steady. After the incidents poen: Aed f with 
the rolling of the Royal Oak (see vol. xxxv, Trans. I.N.A.), 
bilge keels were added to the Royal Sovereign, and pro- 
vided for in the design of the ‘‘ Majestic” class. In 
addition, Sir William White aimed at a very moderate 
metacentric height—3 ft. to 34 ft.—with the result that 
the “‘ Majestic” class or exceedingly steady ships, 
but the ends were only of }4-in. plating, and on one 
occasion one of the vessels was rammed by a picket boat 
at Malta and holed at the water-line, causing some alarm. 
To prevent damage of this kind occurring again, the thin 
plating at the water-line forward and aft was sheathed 
with wood. This sheathing was interpreted as an aid 
to stability, from which it was dedu that the vessels 
were deficient in stability, and although the vessels were 
most excellent seaboats, the belief appears to have been 
retained in the Navy to the end. It is notable that with 
increasing metacentric —— the effect on rolling was 
not tible until the “‘ King Edward VII” class was 
reached, and these ships roll ey sooner and 
taore quickly than the other vessels. Information as to 
the actual periods of rolling of the ships is ve eet 
that the period of the - 


but it has establis 
nought is ba | seconds, While in company with other 
vessels of ier types than Lord Nelson, her rolling is 


very much less on account of the great resistance offered 
by the square form of her section, notwithstanding her 
increase in metacentric height. 

A further remark may, perhaps, be made as to the cost 
of H.M.8. Dreadnought. W the Committee on 
Designs had before them the suggestion to fit turbines for 
propelling machinery the question was immediatel 
raised as to what would be the effect upon the vessel, 
and the reply was that the adoption of turbines instead of 
reciprocating engines would mean an te saving 
of 1,000 tons in displacement and 100,0001. in cost, 
and this was actually realised. The original estimate of 
the cost given on that occasion was 1,785,0001., while 
=: actual cost << — eo ——— was 1,784,0001. 

uring the building of the continuous i 
and investigation proceeded, and no less than 25 vod 
native skete an wy were produced and submitted to the 
Board of Admiralty before the next ship was ordered. 
These designs showed considerable variations of guns 
and armour, but in the end, after the successful trials 
of the Dreadnought, it was decided to build three other 
vessels of the same type, Bellerophon, T éméraire, — 
in which minor variations were made. The displace- 
ment was increased to 18,600 tons, chiefly in order to 
provide additional torpedo-defence bulkheads throughout 
the length of the citadel, and an improved anti-torpedo 
boat armament of sixteen 4-in. Q.¥. guns. There were 
thus four vessels of the class. The torpede-defence 
bulkheads were constructed of 3 per cent. nickel steel, a 
magnificent material having a high yield-point, and rivets 
of the same material gave very fine connections. 

Although Lord Brassey advocated the building of 
small battleships, he was fully convinced of the merits 
of the Dreadnought, and ing on December 22, 
aoe stated the general view of the results reached as 
follows :— 

“Our ‘Dreadnoughts’ have more than fulfilled the 
highest demands or expectation formed of their fighting 
efficiency. They steam 21} knots. In armour 
armament they are second to none, Costs of construc- 
tion for the “ Dreadnought’ class are less in England 
than elsewhere.” . 

While other countries quickly followed the ‘‘ Dread- 
nought ” type, it is remarkable that France, after full 
consideration, decided that it would be better to repeat 
the “Lord Nelson” type, and accordingly built the 
“Voltaire” class. The United States of America 
followed by building the “‘ Michi ” class, carrying 
eight 12-in. guns at 18-5 knots, but soon adopted in 
the “ Delaware "’ class ten 12-in. guns and 21 knots as in 
myo ey a te 

ore.—The was accompani y two appen- 
on giving, Epuctively, articulars of the electrical 
installations of the Formidable, King Edward VII, Lord 
Nelson and Dreadnought, and the stability statement of 
the D ht. It was also accom i by two 
plates illustrating the arrangement of the 
armament of the vessels referred to, and giving midship- 
sections of the King Edward VII, Lord Nelson and 
D it: we regret that the pressure on our space 


does not permit us to reproduce t Ep. E.) 





Tractors 1x Morocoo.—H.M. Agent and Consul- 
General at Tangier reports that the Government of the 
French Protectorate of Morocco have decided to maintain 
during 1922 their scheme of bonuses for the cultivatior 
of land by motor traction. 
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NODAL ARRANGEMENTS OF GEARED 
DRIVES.* 
By Dr. J. H. Smrn, of Belfast. 

In power transmission tems consisting of shafts 
and toothed wheels, it sy found that the gearing 
chattered. In the primitive gear wheels used in the main 
drives of factories various arrangements had been 
introduced with the object of reducing the noise 
produced, but no attempt seems to have been made 
to study the peculiarities of the critical states which give 
rise to these chattering conditions. 

During the past decade, the density of power produc- 
tion has become an item of great importance, and the 
demand for its increase has led to the introduction of 
high rotational speeds in power generators. The use of 
the quick revolution engine, the electric motor, and the 
steam turbine has become common, and with this has 
arisen a demand for an efficient speed reduction device. 
The only arrangement of a purely mechanical nature 
which can be used for this purpose consists of a train of 
o°tvith the introd Is high 

ith the in uction of gear wheels running at hig’ 
speeds, the chattering conditions became, in some cases, 
very pronounced. In certain motor cars there are ranges 
of in which it is impossible to secure quiet running 
without the aid of special appliances ; in electric tramcar 
systems the phenomena of rail corrugation appears, and 
patsy a eer aan ~ ¥ —— ponent 
met with in ives of turbine-pro’ 
ships. The difference in the three cases apparently 
arises from the difference in the itude of the rotating 
masses employed ; in motor cars the weights of the gear 
wheels are conveniently measured in pounds, in tramcars 
they are measured in hundredweights and in ships in 
tons. The main gear wheel of a ship may > 
60 tons and the intermediate w , which may 
instantaneously free at certain critical , 20 tons, 

An inspection of the teeth of gear wheels which have 

m in service in a faulty arrangement will convince the 
most optimistic that hammering has been taking place. 
Pitting is found at the pitch line, rapid wear occurs and 
grooving of the faces of the teeth appears; flakes and 

of metals are found in the oil drains; the edges 
of the teeth are sometimes frayed and occasionally the 
teeth are torn off at their roots and show typical fati 
fractures, thus revealing the presence of fluctuating 
stresses of r from 30 tons to 40 tons per square inch ; 
irregularities of pitch sometimes appear. All these items 
—_—o that the teeth have been in a violent 
periodic manner. The matter is serious in the case 
of some double geared ships ; there are apparently quite 
a number running below their economical and designed 
speed owing either to this trouble or fear of it. 

Occasionally a double geared ship is produced which 
appears to give plet tisfaction ; occasionally 
® roarer is turned out which is not satisfactory even at 
half . The difference in the percentage successes of 
single and double reduction geared ships appears to be 
very marked; the single reduction arrangement is 
considered by many a satisfactory one, but there is a 
strong feeling amongst engineers that the double 

duction arrang t is not. The conditions are so 
bad in some cases that the performance of double geared 
ships is below that of ships fitted with reciprocating 
e 08, 

arious methods have been s ted for the reduction 
or elimination of tooth pressure fluctuations and hammer- 
ing actions, The oil supplied to the boxes has been 
greatly increased although it would ap that oil is 
used more as a eooling agent than as a lubricant. The 
teeth of the gear wheels have been reduced in pitch ; 
the teeth have been shortened, more recently they have 
been lengthened ; and the wheels have been given greater 
width ; in all such changes the object in view has evi- 
dently been to obtain the effects of more accurate cutting 
and lower surface pressure. The modern tendency 
as regards tooth pressure appears to be to return to 500 lb. 
or 600 lb. per inch width of wheel, a value used by Boulton 
and Watt for rough cast-iron wheels. It would appear, 
then, that we are not advancing very rapidly in this 
branch of engineering, A modified form of tooth, having 
~~ of the working surface flattened in the neighbour- 

ood of the pitch line, has been proposed as a means 
of preventing pitting, from which we may deduce that 
pitting is looked upon as a necessary evil. 

h a the general arrangement of a geared drive, 
it has been su; ted that flywheels and elastic couplings 
should be added One engineer is of opinion that the 
position for these details is on the prime mover shafts ; 
another is convinced that they should be mounted 
on, or inserted in, the propeller shaft ; and yet another 
would add elasti tions in the gear box. Elastic 
shafts of various forms and elastic wheel rims have also 
been suggested, introduced in some cases with the object 
of sec’ a@ more uniform distribution of load over the 
width of the wheel, in others with the object of allowing 
for irregularities in the teeth. 

There appear to be only two proposed ents in 
which some slight indicaticn of the introduction of 
scientific ideas is in evidence. In one of these it is 
proposed to extend the prime mover shaft beyond its 
pinion and to add to this extended shaft a flywheel 
80 contrived that the “node” of torsional vibration of 
the shaft coincides with the pinion; in the other system 
the main gear wheel is to be placed at the node of tor- 
sional vibration of the propeller shaft. We are not 
informed how these peculiar conditions are to be secured. 
Tn only one case do we find an attempt made to seek an 
explanation of the behaviour of a bad example, and a 

ution of the problem with the help of mathematics. 























* Paper read before the Institution of Naval Archi- 
tects, April 6, 1922. 





Some engineers maintain that the whole trouble arises 
from bad workmanship and i ies of cutting, 
and contrivances have been introduced with the object 
of reducing the effect of errors of alignment. Others are 
of opinion that there is nothing to worry about, and that 
the problem is solved without anything more than con- 
siderations relating to a superficial aren hee me 
on the free vibration of the propeller shaft about its gear 
box extremity. 

When such widely different opinions are held on a 
question which appears to be of such a simple nature, 
and when ineers after careful consideration in the 
evolution of designs are afraid to run ships at their 
designed speed and constantly ask for information, 
no logy is necessary on the part of the author when 
saeidng public a few results of his investigations on the 
question. With the object of attempting to obtain a 
solution of the problem of propulsion the writer 
was invited by Mr. Chas. E. Allan, director of Messrs. 
Workman, Clark and Co., Belfast, to carry out an investi- 

ation on both experimental and mathematical lines. 

n a up this work the writer was brought into 
touch with an interesting example of a roaring ship. 
The peculiar behaviour of this ship he found could not 
explained in any manner by a simple theory, and he was 
gradually led into a full investigation of the whole 

uestion on the broadest ible lines. The writer 
ided that he would attempt to take into consideration 
all the possible factors which might play a part in the 
problem, however insignificant they appeared to be, 
in the belief that when so little is known it is very unsafe 
to begin by saying that this or that is evidently negligible. 
Such an argument when followed to its logical conclusion 
only leads to neglecting practically everything. This 
would probably mean joining the group of those who 
maintain that all is satisfactory. 

The main features of the mathematical side of the 
investigation in their simplest form are here recorded. 
The results of this investigation lead to what appears to 
be the only possible solution of the problem. 

The Dynamics of Geared Drives.—In considering the 
dynamics of any transmission system consisting of 
rotating masses and elastic shafts connected by 
wheels, we are concerned with the mean angular motions 
and the su angular motions of the elements of 
the system produced by externally impressed periodic 





| couples, 


The equations of motion are greatly simplified when all 
the shafts and rotating masses of the system are replaced 
by dynamically equivalent shafts and rotating masses 
in such a manner that all the shafts and masses in the new 
system can be dealt with as moving with the same mean 
angular velocity. When a reduction of this kind has 
been made, the number of quantities entering the equa- 
tions is greatly reduced, and the comparison of the various 
quantities relating to the motions of the various elements 
of the system is more easily dealt with. For this reason 
we shall consider the relations which must be satisfied 
when this simplification is introduced in any system. 

Dynamically Equivalent Masses and Shafts.—If 
angular displacement, angular velocity and angular 

, ” 
acceleration, represented by 0, @, and 0, respectively, 
superposed on the mean angular velocity w, of a mass 
attached to a shaft 2, becomes, when that mass and 
shaft are replaced by a corresponding mass attached to 
corresponding shaft 1 having a mean regular velocity 
#1, and superposed angular displacement, | angular 


velocity, and angular acceleration @ 6, and 4 respect- 
ively, and the motions of the two es are tri- 
cally similar, then the following relations must hold :— 
A=e AM, gpg MM; owe 
Zw 1 om Wy 1 z Wr 





A mean torque or a superposed fluctuating torque will 
evidently be changed in the inverse ratio of the angular 
velocities, that is, in the replacement of shaft x by shaft 1, 
any torque T, in the original shaft x will have to be 


changed to a torque T;, where T; = T, L. Since 


@) 
the corresponding quantities relating to shaft z and shaft 
1 are to be such that dynamical similarity is secured with 
geometrically similar motions, 
I 7 @, 


and hence a moment of inertia I, will have to be replaced 


2 
@ 


by a moment of inertia of value I, >. I d,,d,,l, andl, 
w 


are the diameters and lengths of the original and equiva- 
lent shafts respectively, it is easily seen that the relation 
between these quantities is :— 


i, ®, l, 


and hence it appears that the shafts may be made equiva- 
lent in a variety of ways. 

It follows, therefore, that if the shaft 1 is to be used 
as a dynamical equivalent of shaft z in any problem, the 
conditions to be satisfied are :— 


’ ” : ‘ 
4 Me: &, q, L/ mt, 2 " ae (*) v4 G40 
“ ; = 


ale 


 # @ a ls. -Me:. is 
Before attempting to deal with any problem relating 
to a transmission system in which elements move with 
various angular velocities, we shall replace the given 





system by a simpler system which is dynamically similar 
to it, bur in which all the shafts rotate with same 

velocity. When this has been done, any results 
obtained from investigations on the simpler system can 
be readily converted into the co: results for 
the original system by means of the equations given above 

The E tons of Motion.—Throughout this investiga- 
tion we 1 consider a drive which is made up of 
n elastic shafts connected to a single gear box. We shall 
assume that the connection between each driven wheel 
and its attendant driving wheel in the box is abso- 
lutely rigid, that the working faces of the teeth are of 
aay ‘orm for accurately transmitting a definite ve- 

ratio, and that the teeth are nominally bedded 
i under the action of torques arising from 
prime movers and external resistances. In order to 
simplify the work, and for other reasons which will 
become clear later, we shall deal with the special case in 
which each shaft has, apart from gear wheels, only one 
mass attached to it. In short, our system will consist 
of n single mass shafts with rigid shafts in the box. 
The object of the investigation is primarily to determine 
the motion of all the elements included in the system, but 
more particularly to study the torques transmitted be- 
tween the various toothed surfaces in the gear box. [f it 
can be shown that the semi-amplitude of the periodic 
torque, between the teeth of the , arising from the 
lastic disturb , ever exceeds the transmitted torque, 
and under what conditions as regards speed, masses, &c., 
such a state exists, light will have been thrown on the 
subject. 
he shafts and masses appearing in the problem are 
conveniently replaced by their dynamical equivalents, 
and this is supposed to have been already done in such a 
way that the shafts 1, 2,3 . . . m all rotate with 
the same angular velocity. Let us assume that periodic 
torques Py sin (pi, ¢ + a1), Pg sin (pet + az), 
P3 sin (pst + a3). . . act on the masses attached to the 
various shafts. Let the moments of inertia of the various 
masses considered be represented by Ip for the wheels and 
revolving masses in the gear box and Ij, Iz, Iz, . . . I, 
for the masses attached to the various shafts. Let 
9, 915 9, 6, be the angular displacements 
arising from the elastic vibration, a}, a2, . . . apy 
be the elasticities of the various shafts and T;, To, T;, 
S be the fluctuating torques in the shafts 
arising from considerations other than transmission of 
power. 

Considering the system as a whole acted upon by the 
external couples and writing P;, Po, Ps, . et 
for the quantities P, sin (p, ¢ + a1), Pe sin (pot + a2), 
P3 sin (p3t + az) &e., the equations of motion 
for the various masses are :— 


P,-T,=1, 6 
P, —T, =1, 6, 
(1) P, -T,=1, 6, 





Tio Ty ibe Flies 0 Me 1p 


The relations between the angles of twist, the twisting 
moments, and the elasticities are :— 


a,T, = 0, - 80 
a, T, = 6, — 0, 
(2) «, T, = 6, — 8 


Differentiating equations (2) and substituting in equa- 
tions (1) the values of 0, @,, &c., we obtain :— 
P, — 1, 6,=(1+a,1,¢@°) T,, 
P.-— 1, 6, =(1 +4, I, a’) T., 
P,— 1,% =(1+4, I, 4°) T,, 


. . 


(3) 4 


T, +1, +T,.-. Ta=1,8, 





Eliminating T;, T2, T3, &c., by substituting the values of 
these quantities as given in the first type of equation 
in (3) into the last equation of (3), we obtain an equation 
which contains @,, as follows :— 





P, —I, @. Oe ee SS A» 
l+a,I@ l4+a,h€ _I+a, 1,@° 
+. +o ope ae 4G, 


Remembering that we are only dealing with the forced 
vibrations of the system it follows that 
P, 2, ms P, 
8 1—a,I, p? “ 1—a, I, p?  1—a, I, p3 
Lf + ae * I, be 
1+a,I,d* ° 1+a,1,d* 1+a,1,¢@* 
where the operating factor contained in the denominator 
of this expression is to be performed on each of the terms 
of the numerator in turn. It is convenient to represent 
the expression 
oT Ig Is 
Ip+ + 
°'T—m hp? * T—agleph * 1 oslsPi 








&c. 





Ip+ 


» &ec. 








by the symbol Az and the quantities I — a: hi pi. 
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Laogtad Eh pA De, ena ey of oe slag sont written 
in the form :— 
yi Pe Ps 
0 A 522 Ae 533 As 
The torques arising from the elastic oscillatory motion 
may now be found from equations (3) in the form :— 


1 ” 
T= —.______ (P, - hh, 0 
1 izahne 16) 


+. .> &e- 





andJwhen the value of @, as expressed above, is sub- 
stituted in the various equations of this type, we obtain 
the following values for those parts of the torques in the 
various shafts which arise from the effect of oscillation 
produced by the action of the externally impressed 
periodic couples as follows :— 











P, P. P; 
fr, — Pi a ypek. ae 
~s i afi 31, Ay 512 822 Ae 833 533 Az } 
. +. . » et, 
Pi P2 Pz 
.'S + + 
_” iz mr tf saa 522 522 Ae 523 533 As 
- 7 +. - « et. 
(4) ; . 
P 1 + 2 + 5 
a is ~3f an 532 522 Ao 533 533 As 
r f+. . - ete. 
T, 7 ad ad . . . 





etc., etc. 


The angular accelerations of the various elements of the 
system may now be determined by introducing these 
values of T1, Te, Tz, &c., in the equations (1). For 
example :— 

7 agg —T1_én—1 Py 
1 i, 


Py FE vai ee 
$11 Ty 841 431 Ay Sy2 522 Ag 413 533 43 
ay Ss ae 


7] 











or writing 
fi 


a ff" . &c., that is, 
a1, °* 
2 


2 
dn = 1— Pa, 91-2; &e., 


1 a 


substituting, simplifying and collecting, the values of the 

















acceleration take the following form :— 
Ey a P2 Ps 
=~ + > ++ =r + . &e. 
0-5, Ai * Seode * Osha” 
” Pi Py P. P; 
= + + 
% 1-Ji\y + Sihudi * diadeede * isdssAs 
( Pi ) : ere &e. 
” Pe Pi Pe P; 
= + + 
(5); % (Q sole ie + Sxdiuda * Beabeede * SasdaAs 
Pp? a y0 
” Ps Pi P2 P; 
~ + 
93 = f\ts * Gndudi * Ssedeede * dssdsAs 
; ( P3 &e. 





&e., &e. 


We may observe here the peculiar character of 6,, the 
acceleration of the wheels in the gear box. It becomes 
very at when 4,;; Aj = 0, or when 422 Ao = 0, or 
when = Az = 0, . . &¢., that is for speeds given 
by A = 0 and no others. 
Having determined the torques and accelerations of the 
various parts of the system when considered as vibrati 
with the teeth bedded tightly together, we will now dea 
with the conditions under which separation of the teeth 
of the various gear wheels occur. If we indicate the 
moment of inertia of the driving wheel mounted on shaft 
1 by 4, the moment of inertia of its follower and the 
attendant second driven by ij, &c., the corresponding 
values relating to shaft 2 being #2, #22, &e., 
then if Ri, Ru, . . . &e., are the torques arising 
from oscillating motion transmitted by the tooth pres- 
sures between 7; and 4, 431, and i333, &c., we have :— 


T, +R, =4, % 
—R, + Bu = 1% | 
— Ry + Ryn = tn 4 

&e. 


with corresponding equations for the contact conditions 
of every pair of gear wheels in the system. It must 
be clearly understood that we have assumed the con- 
nections between any two wheels, which are mounted 
on @ common shaft in the gear box, to be absolutely 
rigid. The value of the torques transmitted by the 
tooth pressures will thus be :— 


R, =-Ti+ i," 

Ry =—Ti+ (+i) % 

Ryi=—T1+ (4 +i tig) O% 

&c., &e. 

or expressed in a more compact form, the tooth pressure 
torques for wheels transmitting motion from shaft 1 are 
— Ti +2% 4,, where = i is the total moment of in- 
ertia of all the wheels from that mounted on shaft 1 
to that at which the pressure torque is considered. 
Substituting the values of T and 6” given by the equations 





dealt with above we obtain the following values for the 
tooth pressure torques :— 














B4%q Haza . Badu 
R inlaw bn rast Ps 

Su Gn di |} bee Ag |? Ses As 

P it zie hi sin je + Bie 
(6) ie Pp, P83 Pp 
4 Be fet Sid; '* bads ~** by ds = 
+. + &, 

Isizi, Bizig Bazi, 

ant, 3 Pi+ a+ 
a Sa3* On di} * be Ap 2° O33 a3 
\ +... &. 
&e., &e. 


The general form of these equations cannot be written 
conveniently as the particulars of the connections would 
have to be considered and this would lead to unnecessary 
elaboration. We must notice, however, that the number 
of equations of the above form is equal to the number of 
tooth connections in the system. If there are m tooth 
connections in any given system then there are m 
equations of the type given above. 

means of the expressions contained in equations 
(4), (5) and (6), the values of all the important quantities 
with which we are concerned in the study of problems 
relating to gear and elastic shaft transmission systems 
can be determined if the particulars relating to the dis- 
turbing couples are known. In certain cases the values 
of the disturbing couples will be known with a fair degree 
of accuracy, for example, if a reciprocating engine is 
connected to one of the shafts, the torque diagram, &c. 
of the engine will enable us to obtain the periodicity, 
amplitude, and phase of the various elements of the dis- 
bushing couple. In most cases the disturbances will 
not be of a simple periodic character, but will be con- 
veniently expressed in the form of a series of periodic 
terms. In other cases, it will be found rather trouble- 
some to deal with these disturbi elements. For 
example, in turbines, if disturbing couples exist they will 
depend on the character of the oscillations of the turbine 
shafts, and it will be difficult to form any clear idea of 
the periodicity, magnitude, or phase of them. We can 
pick out the periodicity of a number of such couples 
with ease in certain simple cases, for example, in the 
ordinary three-shaft arrangement used in marine pro- 
pulsion we may take these as the revolutions per minute 
of the various shafts and wheels in the system, the pro- 
peller beats per minute and all simple multiples of the 
propeller beats. To deal with the propeller blades 
disturbance in any complete way is impossible, as the 
only information which we possess relating to it is that 
contained in the paper of Messrs. Walker and Cook. 
We cannot make use of the information there supplied 
because the torque fluctuation curve is only correct for 
one particular case and for one particular depth of immer- 
sion, 

It will be seen that we have very little reliable data 
to draw upon, and hence that we can do little more than 
consider the problem in a broad way. We proceed 
to do this assuming first that all the disturbing elements 
are small and subsequently indicating the peculiar 
effects of disturbing couples of definite magnitude. 

Critical 8 .—When the speed of revolution is 
such that the amplitude of the fluctuating tooth pressure 
— is equal to the transmitted torque, parting of the 
teeth will occur and the speed may be conveniently 
spoken of as a critical speed. 

An inspection of equation (6) will reveal the fact 
that the only possible critical speeds which can be got 
when the disturbing couples are small are those given 


by A=0. To see this clearly it is n to note 
that the first two terms on the right-hand side of each 
of these equations in reality merge into one. When the 


roots of the equation A = 0 are determined then we 
can say that chattering may occur when the periodicity 
of any of the small impressed periodic disturbances 
synchronise with any of these roots. It will be seen 
then, that as the speed of the drive is gradually increased 
the external periodic action will gradually search the 
critical speeds of the system, and that if any continuous 


ru is allowed at any one of these synchronising con- 
ditious, dangerous oscillations and chattering may occur. 
It follows, refore, that if the equation A = 0 has a 


large number of roots lying within the range of the speeds 
of revolution of the various shafts, there will be a large 
number of critical s , 

It will be found rather difficult to deal with equations 
of the form 6, when the disturbing couples are large, 
unless some simplification is introduced. Probably 
the best way of owing a little light on this part of 
the subject is to begin by assuming that only one dis- 
turbing couple has a magnitude of the same order as 
the transmitted torque; for example, if we consider 
the first equation of (6) and assume that all the dis- 
turbances are negligible except Pz, then the chattering 
speed will be given by 
hh +Zi 
Oyen de Do oes 

a 833 As 3 
where Cjis the transmitted torque. From this and similar 
equations the periodicities at which chattering may occur 
can be found if the amplitude of Pz is known completely. 

The Critical Speed Equations.—We will now consider 
the meaning of the various t; of equations met with 
when following the line indicated ve. It wilk be 
a > consider three cases, namely: The criticals 
given by A = 0, that is, those corresponding to very 
small disturbing elements ; and the criticals atsing from 
a single disturbance when that disturbance is not small 


but of the same order of magnitude as the transmitted 
torque. We shall require two cases of the second form 
for we must consider the effects of a disturbing torque 
acting on the shaft dealt with and also when acting on 
some other shaft of the system. 
The equation A4=0 is simplified by substituting 
S2, fi, f3, &e., for 
1 —s 1 
a1, agly agls 
&c., where f,, fg, fy, . . . &€., correspond to the 
periodicities of free vibrations of shafts 1, 2, 3, 
&c., when fixed at their gear box extremities. 
becomes 


it then 


I, + fil, + fib + Jil, 
T-F KA-F N-#¥ 
If there are n shafts connected to the gear box, this 
equation is of the nth d in p®, and its roots corre- 
spond to the n possible free vibrations of the system, 
when treated purely as an elastic system and failure 
of tooth contact does not enter into the question. 


The equation may be further simplified and reduced 
to the form :— 


Zi-k, , Bree 
z1+/( ad a 


1 





+...&e,,=0 





. te.) (—p")+ 


ZI-E,—Ty awe, \(—p2) 
(shi & )(-PN+ 
I, +I, 


wel (af oa + te.) (—pryms 


I 
+ po (ptm, (7) 
FSi. LR 
where the form of the various coefficients will be under- 
stood from the above; for example, in a three shaft 
arrangement the equation written out fully is :— 


pr—(btbhth , htht+h , ht+h+h 
‘coy as | amas, dane Jl 


I,+l, I+, , 4+, AF Il, bo 
: (Fa "Th 7H)” nan’ 7° ™ 


It is evident that all the roots of equation (7) are real, 
and that the value of these roots, which may be con- 
veniently denoted by hi, ho, hs, . . . &0., when arranged 
in ascending order of magnitude lie between the values 
fis fe, fs, ... &.; when these are also in 
asce order of magnitude, that is, the quantities 
fi, hi, Sa, he Ss, hs, . . . &¢., are in ascending order of 
e 








ude, 
e left-hand side of (7) can now be written in the 


form :— 
Fee OF tee 


= (t-B)(0-B)( 
CB“) (-8)-- 
CF) AR) 

sisting of o uumber of hatte whise have, pert irom 


gear wheels, only one rotating mass attached to each 
shaft, and the driver and follower connected to any 





‘shaft in the gear box rigidly connected together, the 


number of possible critical speeds when the external 
periodic torques are small is equal to the number of shafts 
in the system. These critical speeds will be searched 
by the speed of rotation of the various shafts in the 
system, and if synchronism occurs between any critical 
speed and the speed of rotation of any shaft, excessive 
torsional oscillations may occur accompanied by chatter- 
ing of the teeth and consequent breaking down of the 
normal possible oscillating motion. 

We shall now deal with the equation relating to critical 
speeds at which chattering may occur when the impressed 
periodic cow have a definite magnitude, and shall 
take as an illustration the equation relating to shaft 1 
and its attendant train when P; acts alone. From equa- 
tions (6) we see that the critical speeds for this case are 
given by :— 

Ps (Z 


we 
3,4 \a, ~ i) 


where the unnecessary suffixes have been dropped. 
we take a; = Ps 
Cy 


Q=+ 


If 
and represent a + Zi; by 1A, this 
1 


becomes :— 
6; A= +414 
when A refers to the whole system, i.e., 
oy Ip 
4=h+-+=— +... &., 
eT bh Z 


and A is the value of A for that part of the system 
consisting of shaft 1 and its attendant train. This 
equation may be written ;— 


8; 52 5g . . . 5, A + ay 5; Op By... Bn A=O 


The first term in the equation is the value of the expres- 
sion given in equation (7), the second term is the value 
of the same expression when the terms coh ing fs 
do not appear, and the only masses considered are those 
relating to shaft 1 and its attendant train up to and 
including the gear wheel at which parting is assumed 








to oceur, For example, if the arrangement consists of 
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three shafts the required equation can be found by adding 
to the left-hand side of equation (7) the following terms : 


+a, (! +f) (t +2 - ZAR) 





fi 
or 
ta, L* (+2 i,)+ (aso ae 4 +a) pe — F- | (70) 
1 3 


In order to cover all equations which may arise in 
this branch of the work, we have still to deal with the 
equations relating to a shaft and its attendant train of 
gears when a a couple acts on that shaft. 

We shall now consider the critical conditions arising 
from the action P; on the el ti ted toshaft 1. 
These are given by equations (6), in the form — 





+24 
we 3K Pp 
+O 3, 9 i 


where the unnecessary suffixes are dropped. This equa- 
tion is readily changed to 


— {hl . h_ k 
hj A= (> +2h-h- 2-2... ete.\t 
+ 3; (+ h-Ih .é e ja 
or 

mAs (b-ra+F rs ee oto.) =0 

de 53 
where ¢ =: 2, 
G 


The factor which multiples t; is evidently the value of 
A when masses relating to shaft 1 and its attendant 
train are not included, and may be indicated by 2...»A 
and hence the equation can be conveniently written :— 


6, 8g. - + On A+ t 5g 53... Bag... nd =O 


It follows then, that the quantity to be addded to the 
left-hand side of equation (7), in order to build up the 
required equation, in this case is the value of the left- 
hand side of — (7), when terms containing f; do 
not appear masses attached to and attendant to 
shaft 1 up to the connection at which parting of teeth 
occurs are not included. 

For example, in the three shaft arrangement the added 
terms are :—. 


+ h [bP tatty (BOFA ts 4 aah +h) 2 
+e]. » see 


The equations giving the values of the various critical 
at which chattering may occur can therefore be 
written out in quite a simple fashion in the more general 
case, either when the disturbing elements are considered 
small or when the disturbing elements are not small 
but are considered to act independently. It may be 
noted that the de; of the equations dealt with in (b) 
and (c) above is the same as that of equation A = 0, 
and that the number of equations arising from considera- 
tions relating to one disturbing couple is equal to the 
number of tooth connections in the system. If, then, 
there are in any system n shafts and m tooth connections, 
there will be 2m equations each of the nth “degree, 
for the determination of the speeds at which chattering 
may occur when it arises from the action of a periodic 
disturbing couple acting on one of the shafts. That is 
there will be 2 mn critical speeds corresponding to the 
action of a periodic disturbing couple on any one shaft. 
It would be interesting at this point to consider the 
effects as regards critical — arising from the combined 
effects of a number of disturbing couples when acting 
simult ly. This tion presents some difficulty ; 
the equations could be built up in the manner indicated 
above, and if the ratio of the periodicities of the dis- 
turbances were known they could be contrived so as to 
involve only one of the periodicities. A difficulty arises, 
however, which causes one to hesitate—the phases of the 
disturbance—an item which it is not necessary to deal 
with when the action of one periodic disturbance is 
considered can no longer be neglected when the compound 
effects are dealt with. 
It would seem reasonable to conclude, however, that 
if n periodic couples act, one on each of the n shafts of 
& one mass per shaft system which contains m tooth 
connections, there will 2mn equations of the nth 
degree for the determination of the critical speeds of the 
system. That is, the gr pea number of critical speeds 
of such a system will be 2 mn? or, if the A = 0 speeds 
are added, 2 m nf + n. 
b..- — throughout =. above investigation dealt 
only with the simplest possible case of a general arrange- 
ment which has n degrees of ies and m tooth 
connections. The extension of the equations to cases 
where there are two or morn: masses and disturbances 
corresponding to each shaft, and to the inclusion of 
lasti ti in the gear box, are quite simple to 
deal with, although the expressions become of a very 
clumsy nature. It will be seen, however, that the effect 
of adding either a single mass or an elastic connection 
to the simple system discussed in the above will be to 
increase the number of degrees of freedom of the system, 
and hence to greatly increase the number of critical 
speeds. If, then, chattering is to be prevented we can 
only work in one direction, and, so far, that direction 
appears to be the one which leads to the simplest 
possible dynamical system. 
Effect of Tooth Form I rities.—We shall now 
consider a little more fully the tooth pressure torques 

















the gear box, and in order to simplify the conditions as 
far as possible we shall confine our attention to the 
ordinary three shaft arrangement (consisting of two 
prime mover shafts and a propeller shaft with two 
primary wheels) when distur but unacted upon by 
riodic disturbances. 

If T, R, and R’ represent the torque in the shaft, 
the tooth pressure torque between the turbine pinion 
and the primary wheel, and the tooth pressure torque 
between the primary pinion and main wheel, respectively, 
then the equations of motion of the disturbed system 
unacted upon by external disturbances, but bedded 
tightly by transmitted torques, are :— 

T1+Bi=1 65, ; Ta +Re=i2 05, ; Ts—R, —Ry=i, O05 
(8) —Ri +B, =t11 651.3 —Be+Ro=t22 O00 

—-Ti=h 6,; —T2=12 65; —T3=I3 6, 


where @,, represents the acceleration of that 
pinion in the gear box which is attached to shaft 1, and 
#}; and @,,, represent the moment of inertia and angular 
acceleration of the prim transmitting motion from 
shaft 1 to the main wheel. The connections between 
the twisting moments, elasticities, and angles of twist 
are :— 

a, T; = 0;— 01; a2 Tz = 62— Pog; a3 Ts = 03— O03 
Adding together the first five equations of 8 we get : 


Ti+ T2+Ts= i) 0), +42 0,, + i530, + 11 85), + 20 Ooo, 
Substituting the values of T obtained from the remaining 
equations we get :— 
wai oy ” i lL 7 ais Is * 

@ + 0 + 0 
I+aqh@ 1 ifaid we’ T+ashae * 





* * w” ” ” 
= Aq, + i2 Ogg + 3 903 + t11 Bor. + *22 Fop0 
that is :— 

i ey Ip > 
YY a. Se Se 
(9) (; FaLe* in) + (j ap I,ae* ia) 6 
Is "hy gl a Be 
+ (; + a3 Isat is) 6s + 411 O11 = 22 Oo22 = 9° 

We may now deal with the effect of irregularities of teeth 


if some assumption is made as to the nature of the errot 


in cutti It would appear reasonable to write these 
accelerations in the form :— 


Oo, = 93 + Aisin (p) t + a1) + By sin (py t + a’) 


where ; and p’; refer to the periodicity of single or groups 
of contacts per minute and A; and B; to the maximum 
semi-amplitude of the variation of angular acceleration. 
It will apparently be sufficient to indicate these periodic 
functions by Ai, B;, . . . etc., where A; and 7 refer to 
contact in shaft 3 and primary 1 and By), and p’) refer to 
the primary and shaft 1 contacts. 

Thus we may write :— 


Pox = 93 +A1s Oy, = Oo3 + Ar + Bi; 


Pree = 93 + Avi 8), = Os + Ac + Be. 


Substituting these values in equation (9) we obtain :— 


i ° I A 
——_———. + 4, }(A) + By) + (4 
(i J 1+h) + | orate 
(Ag + Be) + 11 Ai + t22 Ap 
- hh + Ie - Is 
1 +a; id 1 + a2 I,d2 1 + ag I; ad 
We will now consider a sample of the critical condition 


equations in this case. From equations (8) we have, 
for example :— 


eo” —* 
os Io 








, ” ’ ” 
Ry= 41 91 + #11 Ogu. — Ty = 61(093 +.A1 + Bi) + 


. od lh f 

$11(093 + Ax) + ———-—_ 

11(9o3 + D+ Tye nae (0st Ai + Bi) 
which, when the value of @., is introduced, becomes :— 


' I 2 ee 
R.= { 2 __ 

1 (iz La +4 +in) 
os L ; 

l+a,h@ +) (a,+3,) + 
rw (rag. Ge +ia) (4:+B,) +t, A; +ig9B, , 
an +P) I L I |i, B, 
I,+ LL» + ~ 3 

L+a,l@? 1+a,ld? l+al@? | 


From this equation the effect of irregularities of teeth 
can be studied by taking the terms which measure the 
irregularity one at a time. 

Let us consider the effect of A), that is, let us assume 
that all the wheels are perfect except the primary pinion 
which transmits motion from shaft 11 to shaft 3. If A; is 
the only periodic irregularity, the equation for R’; reduces 
to :— 











, i . . 
Sg ee. ee 
: (oh i + in) 
ag i, . . ’ 
—-— Ai + 
Ay ~ (Se + *) 1+ At | 
! 
| 


I, In I 
Io + + ~ : 
Sa l+a@qI@ liahd 1 +a3I3d2 | 








and the accelerations of the various wheels contai in 


or remembering that the function A; is periodic and of 


the form A; sin (pi t+ a), and that only forced vibra- 
tions are considered :— 


h +i + in 
ar as : 61 
R, = 5 tat ee ae Te Ai 





oh tn + +8 
= (3 +s in) 5o 53 
=(- +4 + Ai 
b b+hyhsyh 
6, 52 43 


It will be observed that the equation for R, is built 
up of terms of the form A; the numerator, for example, 
contains two factors which are the value of A for the 
parts into which the whole system is divided by the 
toothed contact at which the irregularity is supposed to 
occur; and that even with the smallest irregularity of a 
periodic nature there are critical speeds given by the 
uation A=0. The equation for the other values 
of the fluctuating pressure torques are evidently similar 
in form to that found. 
The searching periodic irregularities may be looked 
upon as a series of fundamentals having frequencies 
equal to the speeds of various shafts, corresponding to 
inaccuracy in the centring of the wheels, together with 
a series of harmonics which it would be rather difficult 
to define, but having in the upper limit periodicities 
corresponding to the number of contacts per minute. 
(The writer is acquainted with one example of a periodic 
variation in the thickness of the teeth every 12 teeth in 
@ newly cut primary wheel. Periodic variations of tooth 
thickness are often observed in the worn gear wheels of 
motor cars). 
The periodic irregularities may be divided into two 
:—(1) Those of low periodicity, corresponding to 
variation of pitch, etc., which fall within the roots of the 
A=0 criticals, and (2) Those of high periodicity, 
corresponding to variations of pitch and the deviation 
of the curved surfaces from the correct involute form, 
and not falling within the range of the roots of A = 0}. 
The low periodicities may have values up to the region of 
2,000 per minute. The high periodicities may have 
values as high as 100,000 per minute. 
It would be interesting to find the critical speeds 
arising from irregularities of teeth, but in we are 
presented with difficulties ; so far as the writer is aware 
we have no information on the values of these periodic 
irregularities. If we knew the degree of accuracy of 
gear cutting, the problem could be solved in precisely the 
same way as that employed above for effects of periodic 
torques. We prefer to deal with the problem in a differ- 
ent way. In any proposed arrangement of elastic 
shafts and gear wheels, the items which we can vary 
most conveniently are the lengths and diameters of the 
various shafts. : 
We will now examine how the elasticities of the various 
shafts affect the greatest allowable high periodicity 
variations of cutting. It will be sufficient to consider 
any one of the effects, and we shall therefore confine our 
attention to A;. In the limiting conditions for which 
R’; becomes equal to the transmitted torque C; we have 
for the greatest allowable irregularity :— 


pa 
14 234 

where the meaning of the various terms will be under- 
stood from the explanation given above. If the 
periodicities of the free vibrations for the whole system 
are indicated by hi, he, hz, as in the previous example, 
the free periodicity of the system consisting of lh, %, 
and 7; is represented by l, and the free periodicities of 
the remaining part of the system by k; and ke, then we 


have :— 
(-f) (£8) (8) 
Oz! h? 3 he 


2% 1231 (2 -F) (1 -#) (2 -F) 
Bi ke B 


We will now consider the effect of changing the elasti- 
city of the highest periodicity shaft, i.e. the f; of the shaft 
1. Since we are only considering high periodicity effects, 


Pe is greater than unity, and hence the less we make hy 





and therefore f, the greater the allowable value of Ai. 
Having decided that the more elasticity we can give to the 
shaft 1, the better will be the adaptability of the system 
as regards providing against the effects of tooth form 
irregularity, we will next consider the variation of h, 
when h; and all the other quantities are fixed. From 
our experience of the magnitude of p and J; (J; will depend 
on I; and ¢; + 41) we easily see again that p is greater than 
l,, and hence that 1; must be made as | as possible. 
Having decided on the value of fi, it follows that the 
only way in which we can increase J; is by making the 


as large as possible. 





ratio of I . 
Conti ine in thi t to its logical conclusion 
ontin is en its logical concl , 
we are led to the equlitiens best adapted for avoidance 
of the critical s 8, which may arise from high periodi- 
city irregularities of the teeth of gear wheels in elastic 
shaft-geared drives as follows :— ; 

The shafts must be made as flexible as possible, and 
the ratio, of the moment of inertia of the mass attached 
to any shaft, to its attendant wheel must be as large as 
possible. ov aT 

In the case of the low periodicity irregularities arising 
from varieties of pitch, inaccuracy in cen , &e., the 
only ible means of avoiding critical may be 
8 od as follows : The system adopted must be such that 
it possesses the least number of possible free vibrations, 
and the periodicity of these free vibrations must be as 
low as possible, so as to be outside the range of all dis- 
turbances. 


(To be continued.) 











APRIL 7, 1922, |] 





ENGINEERING. 








THE MILLING OF SCREWS. 
The Milling of Screws and other Problems in the Theory 
of Screw-Threads.* 
By Professor H. H. Jerrcort, of the Royal College of 
Science, Dublin, Member. 

(1) Introductory.—In the Proceedings of this Institu- 
tion for 1907 (pp. 1067-1108), the author gave an account 
of the theory of screw-threads, lcoked at mainly’from the 
points of view of exact measurement and accuracy of 
manufacture. The following paper contains an account 
of some additional problems of interest to the manufac- 
turer and the metrologist. 

During the war the manufacture of screw-threads by 
milling came into considerable prominence. In this 
method, as is well known, a milling-cutter rotating round 
a fixed axis is employed, while the blank on which the 
thread is being cut receives a slow feed motion of a 
rotary and pitchwise character, that is, in a helical 
direction. For the production of correct threads by this 
method, very considerable difficulty is experienced in 
the determination of the form of the cutting edge of 
the tool. A little consideration will show that this case 
is quite different from that of machining threads in a 
lathe, in which case the cutting edge of the fixed tool 
takes the exact form of the axial plane section of the screw 
being generated. With a rotary cutter, however, and 
with the axes of the cutter and screw parallel, it will be 
readily seen that if the cutting edges agree in form with 
the axial plane section of the screw, then on rotation 
the edge will foul the helix on one side or other above and 
below the axial plane. 

Even when the cutter axis is inclined at an angle to 
the screw axis, fouling still exists. Accordingly it 
becomes of great importance to determine what form to 
give the cutting edge, so that after making allowance 
or rotation of the cutter, a correct form of screw-thread 
will result. It is important also to be able to estimate 
the influence of the diameter of the cutter, and the angle 
which its axis makes with that of the screw. In other 
words an analytical solution of this geometrical problem 
is very desirable. 

The present procedure in manufacture is a straight- 
forw: one, but it is subject to limitation in regard to 
the accuracy of the resulting work. Moreover, it does not 
suggest the best choice of diameter of cutter, or of angles 
ef setting of cutter and serew axes. The procedure 
adopted is briefly as follows :—In the first place a screw 
eorrect in all respects, and of the size required, is carefully 
eut in a lathe. This is used as a gauge. A cutter-blank 
of appropriate diameter is then turned in a lathe, and 

ually the shape of its outer boundary is altered until 
its contour fits exactly into the screw-thread of the gauge, 
when the axes of the cutter and screw make with one 
another the angle at which they are designed to operate, 
For accurate results this is not an easy test, and the final 
forming of the cutter contour is tedious. When sufficient 
accuracy is thus realised, the next step is the making of 
a template to fit the contour of the dummy cutter. This 
—. is afterwards used as a ga for the forming 
ef the cutting edges of the cutter, of like diameter to 
the dummy cutter, and for use at the angle of operation 
fer which it is designed. This work is tedious, and in 
seme respects not susceptible of the highest accuracy. 

Supposing, however, that the mathematical form of the 
eutti edge can be determined, the outline may be 
plotted on paper on a large scale, and the template be 
verified with accuracy directly against it, by the method 
ef optical projection. Diagrams may thus be set out for 
various sizes of screws, and for various diameters of 
eutter and angles between axes of screw and cutter. The 
analytical solution of this problem is given below. 

In connection with the method of measurement of 
sorew-threads by optical projection, the theoretical form 
ef the shadow of a screw in a beam of parallel rays of 
any is of interest, and is given in the Papert cited above. 
The extension of this determination to the case of a beam 
of light which passes through a point in the neighbourhood 
ef the screw, is included in the following pages. For the 
measurement of effective diameter the method which 
employs three circular cylinders is well known, and its 
theory has already been given.t When spheres are 
substituted for cylinders, the analytical results are set 
eut below. 

(2) Form of Cutting Edge of Cutter for Milling a 
Triangular Screw-Thread : Cutter Avis parallel to Screw- 
Awis.—Refer the screw to cylindrical co-ordinates z, r, 0 
the axis of z being the axis of the screw. Let the plane 
8 =o be the plane containing the axes of screw and 
cutter, and let the origin of z at a point on the axis 
where the slope of the thread in the plane @ = o meets it. 


The equation to the surface of the screw is z -2 +rtana, 
T 


where 2 a is the vertical angle of the thread, and 
Pp is the pitch (loc. cit. page 1071). 

Also refer the cutter surface to cylindrical co-ordinate 
2’, R, ¢, where the axis of z’ is the axis of the cutter, and 
¢@ = o is the plane containing the axes of screw and 
cutter, Let the origin of z be the point in the axis of 
2 where it is cut by the plane through the origin of z 
perpendicular to the axes. The cutter being regarded 
as a surface of revolution about its axis, R is independent 
of g. The contour of the cutter is determined by z’ = f (R) 
It is required to find the form of f (R), so that a triangular 
thread will result. Let the distance between the screw 
and cutter axes be k. 

Take any particular value of z, and consider the 
section of the screw and cutter by a plane through that 
point perpendicular to the axes. Let Fig. 1 represent 





* Paper read before the Institution of Mechanical 
, March 31, 1922. 
ings, I. eee. 1907, page 1100. 


3 Loc. cit., page 1089. 


Pie. 





the plane of section. The section of the cutter is a circle 


®bout its axis C. If the screw is generated by this cutter, 
the circle will touch the screw section at some point P. 
Let P Q be the common tangent to the two curves at P. 
Let OPQ=y. Then OP =r, CP=R, OC =k, 
cOP=8@, OCP = ¢. Also z= 2 for this section. 
Since P is on the surface of the screw, we have 





ew 2S. + rt, where t = tan a (1) 
27 
From geometry we have 
rsin d= Resin ¢ (2) 
rcos @ + Roos ¢ =k (3) 
Farther, since the curves touch at P, 
r 29 & ten y = cot (0 + ¢). (4) 
dr 


Hence from equation (1), 


2Qarrt 


cot (9 + o) = — (5) 


We have now to eliminate @, ¢, r and thus obtain a 


relation between z (or z’) and R, which the contour of 
the cutting wheel must satisfy. 


Fig.1. 










Q 


Eliminating @ we find 


(7303.4) 





ne 
z= _— +rt (6) 
Ro = ke + 72 — 2 kr cos 0 > (7) 
p (r — k cos 0) = 2 r rkt sin 0 (8) 
Eliminating @ and writing z’ for z we obtain 
cos 2.7. (2 — ft) = M+R (9) 
: 2kr 


and 





R?+e2-k = see 4k 2 — (+ 72 — R29 
which reduces to 


(RP + 12 —k2) / ge ee + pi=4nrRret (10) 


We have now to eliminate r between these two ove- 
— and thus we — a — between 2 and R, 
which represents the form of cutting edge required. 
Instead of carrying out the elimination, it is easier to 
choose a possible value of r and on substitution these 
equations give the corresponding values of R and z’, In 


this way a number of pairs of — values of 
R and 2 may be determined and plotted, ond he required 
form of cutting obtained in any particular case. 


(3) The Extent of Angular Variation of Point of Contact 
of Screw and Cutter from Axial Plane.—We may find the 
extent of the variation of the angle @ to the point of 
contact of screw and cutter, for a circular section of the 
cutter of radius R. We have to eliminate r between 


R? = k2 + 72 — 2k cos 6, 


and 
pir —kcos 0) =2arktsin 6. 
Thus 
r{i _2rkt sin 0} = kcos 0, 
and 


2 —2kroosd +k? — R? = 0, 
Substituting the value of r given by the former equa- 
tion in the latter, and simplifying, we obtain 
(R&— k2 sin? ) janet sin 6 — 1) 
Pp 


+ Saad (k2 — Re) sin? 6 — 0, 
P 


This equation gives 6 in terms of R and known con- 
stants. 
If @ be small, so that we may write sin @ = 6, we find 


(Re— Heo) (27 Et 9-1) + SEE Ue — RA w=, 
Further, if 6 be small we may simplify the result 
obtained in Section 2. Putting sin 6 = 6, and cos 
@=]— 4 62, we find 
Pe ie NA LEAL y 2k = 9) 

Pp 








Pp k 
Choose a possible value of r, and by this equation find @. 
Then 


R=k-r+ =. 
2(k —r) 
and 
6 
su wwe as 
‘ 2 





The z’ R curve of contour of the cutting edge can then 


be plotted. The cutter edge will not be straight, and its 
mean slope will differ slightly from a, the half-angle of 
the screw thread. It is to be noted that the cutter will 
not cut a perfectly sharp root for a triangular thread, 
apd it should have a gap corresponding to the sharp 
crest of the screw. A ore sharp-rooted V or square 
thread cannot be cut_thus with the axes of screw and 
cutter parallel. 

(4) The Form of Axial Plane Section of a Screw Cut 
oy a Milling-Cutter with Triangular Cutting Hdge.— 
The converse problem will now be considered, namely, 
to find the form of axial plane section of a screw-thread 
cut by a milling-cutter of triangular cutting edge. With 
the same notation and di as in Section 2, the cutter 
is represented by z’ = Rét where ¢ is the tangentiof halfjthe 
vertical angle of the cutter. Let the screw, thread_be 

pe 
z-— = T). 
+; = sin 
We require to find the function f(r). 

By geometry, from Fig. 1, since P is a point common 

to the cutter and screw, we have 


rsin 0 = R sin ¢, 


rcos 0 + Roos ¢ = k. 
Also, since the curves have a common tangent there, 


dé oe 
x, = tan yy = cot (0 + 9). 


and 


Now 
7 aO_ _2ar dfir) 
dr Pp dr 
After eliminating ¢ we have the equations :— 


Po F 
oon. +JS(r); 





e =Rt;s=28'; 

Re = kh? + 12 —~ 2krcos 6; 
af(r) _ p(r —k cos 0) 
dr 2arrkasin 0 


We have now to eliminate z R @ between these equations 
and thus find f (r) in terms of known constants. 
Eliminating z and R we have 


poe 


re 





J(r)=t JT — Tr cos 6 - 
df(r) _ p(r — k cos 0) 
dr 2arksind- 
Eliminating @ we obtain f (r). 
z = f(r) gives the form of the axial plane section of the 


thread as required. 
(Note that 


frye —-29 Re - PI 
2" 29 
ote «i (k® + 2 — R2) 


=Rt-— P ’ 
le es, phe | 
therefore the axial plane section of thread is 
z= Rt— 2% oos-1 {=+e—2"}, 
Qa 1 Skr 


a result which may be compared with that in Section 2.) 
(5) Particular Case of a Square Thread.—The square 
thread is a particular case of a triangular thread. Its 
sides or slopes are determined by Rotting a =o in the 
equation for the tri arscrew. Ite root, or cylindrical 
core, can be obtained by putti 


= 





wl 


Firstly put a = oso thatt = o. 
The equations of Section 2 reduce to 


cos 27 +72 — R2 
Pp 2kr 


k2 — 2 — Re = 0. 


and 


Hence 


K2 = #2 + Re andr = k cos 27% , 
Pp 
Thus in milling the oe of a square thread, the radii 
vectors of the cutter screw to the point of contact 
are at right angles to one another. 


Secondly put a = 5 and change the origin of z, so that 


the screw is z = po + (r — 19) t where 2 rg is the core 


diameter. Then ; = 0, and the equations reduce to r = ro, 
and k = r + R, so that contact takes place in the plane 
6 = 0, and R = k — ro, which is constant, being inde- 
pendent of z. Accordingly the cutter edge is parallel 


to the axis. 

(6) Form of Cutting Edge of Cutter for Milling a Tri- 
angular Screw-Thread. : Outter Awis Inclined at an Angle 
to the Screw Axis, but not Intersecting it.—Let the cutter 
axis be inclined to the direction of the screw axis by the 

ie 8. Take a plane through the centre of the cutter 

containing the axis of the screw, as the zero of @, 
¢, and &, Let the axis of the cutter be the axis of z’, 
and the centre of the cutter be the origin of 2. Let the 
axis of the screw be the axis of z, and let the origin of z 
be the point where the perpendicular to the screw axis 
from the centre of the cutter meets the screw axis. Thus 
the origin of z corresponds to the root of the thread. 
The cutter centre is in a horizontal plane with the 
screw axis, and the axes lie in parallel vertical planes. 


Let z R ¢ be a point on the cutter touching the screw 
at zr 0, or in the plane of the cutter zr’ 6’, where r, r’, 
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are measured from the point where the screw axis inter- 

sects the normal plane and cutter plane respectively 

through the point of contact. The condition of things | 
is represented in Figs. 2 to 5. 

A O’ O is the screw axis, A’ C is the cutter axis. P ig 
the point of contact of the screw and cutter in the plane 
CBO’PC’ which is perpendicular to the axis of the 
cutter A’ C. O, C” are the intersections with A O’ 
and A’ C’ of a plane through P at right angles to the 
serew axis A O’. A is origin of z. A’ is origin of 2’. 


BAO=CA'C’=8; COC =7; COP =; 
ABO eA CC =CCO = . O'C = F, 

O'C’ = AA’=BC =k. 
Fig. 3 is in the plane of the cutter through P, and is 
CP = R, 


thus perpendicular to the cutter axis. = 
O’P =?, O' P’ is perpendicular to O’C’. O’CP = ¢, 
O’PQ = y. 

In Fig. 4 P’ is the projection of P on to the vertical 
plane containing the axis of the screw. O P’ 0’ = p. 

Fig. 5 represents the plane through P perpendicular to 
the screw axis. OP =r, OP’ is perpendicular to OC”. 
C0 P = 6. 

Referring to the figures, the following geometrical 
relations may be derived :— 


AO =A0'+0 0". Therefore z = 2’ sec 8 +rsin@ tan 8 
O'P’ =’ sin (0’ —y) =r sin 0 sec 8 ° 

P’P’= 1’ cos (6’ —y) = r cos 0 
CC=ktany=2'tanp . 

O'C’= k’ cosy = k 


(1) 
(2) 
(3) 
(4) 
(5) 

Also, since z r @ is on the screw surface, and origin of z 
corresponds to the root of the thread, 


=P? + (r—n)8 (6) 
2r 
Since inthe plane of the cutter the screw section and 
cutter section touch at P, we have 
Rsing=r sin®?’ . : ° 
Reos @ + r' cos f' =k’. > ° 


yal = tan y = cot (0’'+ ¢). 
dr’ 


(7) 
(8) 


(9) 


From these 
zrr k'00 oy, and obtain a relation between 2’ 
and known constants. 

After effecting certain reductions we obtain the three 
equations : 

R2 = k2 +r'2 +2’2 tan? B—2k r’ cosa + 2 2’ 


nine equations we have to eliminate 
and R 


r’ tan 8 sins (10) 
r’ sin {sing —< V cot? 8 + cost 8 } 


=P tan“1 { tan a cos 8 } —z' sec 8—rot. - (ily 
27 


(# — rv cos *) { sing t J ontte + cost } 
oe. ) a 
,/ cot? s+ cos? 8 
—_P_ , cmecs*cs8 \ 4. . (12) 
2rr cotes+costs J 
where s stands for 0’ — y. 


+ (# cot s—2' tan 8—r’ couee 


We now have the three equations (10), (11), (12), from 
which to eliminate r’ and s, leaving a relation between z’ 
and R to determine the form of cutting edge required. 

It is convenient to leave the three equations in their 
present form, and to evaluate numerical cases directly 
trom them. Thus, for any particular example for whic 
the values of the constants are known, choose a possible 
value of s. Equation (11) gives r’ in terms of 2’. Sub- 
stitute for r’ and s in (12) and 2’ is obtained. Equation 
(10) then gives the corresponding value of R. Thus 
z’ and R may be plotted, and by taking in turn several 
values of 8, a series of points on the z’ R curve may be 
obtained as required. 

(7) Reduction of General Formula to Case in Section 2.— 
We may verify the results obtained in the last section, 
in the particular case when the screw and cutter axes 
are parallel, i.e., when 8 = 0. 


Equation (10) then becomes 
R2 = k2 + -/2 — 2 kr’ cos 8. 
Equation (11) reduces to 


Gu 2. +s’ 4. fof. 
27 


Equation (12) becomes 
(k — r' cos 8) t cosec 8 
— (k cot s — 7’ cosec 8) (¢ cos s — ‘P sin s)=0, 
2a 
Also, since 8 = 0 we have z=’ from equation (1), 
0 from (4), so that s = @’ =: @,andr=r’. Hence 


R2 == ke + r2 — 2kroos 0; 


gun Oe + (r — ro) t; 
29 


¥ 


kt sin @ +—?_ (k cos 0 — r) = 0; 
2ar 


which agree with results in Section 2, 
(8 


equations (6), (7), 


). 

(8) Particular Case of Square Thread.—T aking the case 
of @ square thread, as in Section 5, we put a = 0 to deter. 
mine its slopes. Equation (10) remains unaltered, but 
equation (11) becomes 


r sinssin 8 = 7. tan —1 (tan s cos 8) — 2’ sec 8; 
7 








and (12) reduces to 
(k — r’ cos 8) sin 8 
Pp cosec 8. cos 8 


2mrr cot?s + cos?s 
or 


. (k cot s—z’ tan 8 — r’ cosecs) = 0, 


(k — r’ cos 8) tan 8 sin s (cot? s + cos? 8) 
=P (keots — 2 tan B — 1’ cosec 8). 
2rr 


From these equations may be plotted the form of 
cutter edge necessary for cutting the sides of a square 
thread. In particular 8 may be chosen as the angle of 
rake, for example at the effective radius of the thread. 

The cylindrical or root portion of the square thread is 
obtained by putting a 


5 Then equation (11) becomes 


r’ sins »/cot® ¢ + cos? B = rc, 
and (12) reduces to 
r' cos s sin? 8B + k cos? 8 + 2’ tan 8 coss = 0. 
From these equations, combined with (10), the form 


Fig. 2. B 
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of cutter edge for milling a circular cylinder may be 
plotted. 

(9) Shadow of a Screw-Thread in Light Radiating from 

a Point.—In ‘‘ Notes on Screw Threads” (loc. cit. 
1100 to 1102), the form of the shadow of a screw thread 
in —_ light was determined. It is pro now to 
find the form of the shadow when the light radiates 
from a point. 

Take axes of cylindrical co-ordinates z, r, @ the axis of z 
being the axis of the screw. Then if the origin is suitably 
chosen, the equation to the surface of the triangular 
screw th is 

2-79 


2a 


-—rtana=0. 


Let the point source of light be at zo, b, Oo. 
Then a ray of light may be represented by 


<0 
nua © 
rf m 





where 1, m, n are its direction cosines. 

We express the conditions that the ray touches the 
screw surface, and after some reduction, we obtain the 
three equations : 





b (L cos 09 — msin 4) (n sin &’ — Ut) 
= (Leos @ — m sin 6’) { bn sin 09-1 (% -2 yj (1) 


b (1 cos 09 — m sin Oo) {lt sin 0’ + mt cos & — n} 
+ P (1 cos 6 — msin OPpxd . - (2) 
27 


2+m +n2=1 


; + (3) 

From (1) and (2) 6’ may be eliminated, and we obtain 
two relations between 1, m, n. 

We will now consider two particular cases :— 

(a) If the plane of the shadow be parallel to the axis 
of the screw and distant c from it, and be perpendicular 
to the ray through the apex touching squarely the cylinder 
of effective radius round the axis of the screw. 

This plane is r cos (@ + 6; — 0) + ¢ =o where sin 6; 
and P is thé effective radius. 


=, 


Let 2’, r’, @”, be the point of the shadow where the 
ray meets the plane, then 
r” sin 0” — bsin Op — 1” cos 0” — bcos A 

l m 





(4) 
e ° ° (5) 


and r” cos (0” + 0, — 09) +e=0 (6) 

From equations (1) to (6) eliminate @’,1, m, n and obtain 
two relations between 2”, r”, 0” which represent the curve 
of shadow. When the numerical values of the constants 
are given, the co-ordinates of individual points may be 
evaluated and plotted. 

(6) In the second particular case let the plane of 
shadow pass through the origin of the screw, and let its 


normal make an angle 5 — 8 with the screw axis and lie 


in the plane @ = 0. The plane of shadow then is z = r 
cos @ - cot B. 

We have now to eliminate 6’, 1, m, n from equations 
(1) to (5) and 2” =r” cos 6” cot 8. Here again in 
numerical cases the co-ordinates of individual points 
may be evaluated and plotted. 

(10) Effective Diameter of a Screw as Measured by 
Three Spheres—The effective diameter of a screw may 
be measured with the aid of three small circular cylinders, 
which lie between the threads, and are arranged two on 
one side and one on the other side of the screw. When 
squeezed together these cylinders set themselves nearly 
along the effective rake of the threads. Formule for 
the exact calculation of the effective diameter in this 
case have been given (loc. cit. pages 1091 to 1094). If 
three spheres, placed in the axial plane of the screw, be 
substituted for the cylinders the effective diameter may 
be determined as follows :— 

Referring to the cylindrical co-ordinates of the screw- 
thread we have the following equations to represent the 
surfaces of the screw and sphere. 


Screw U = z — pe —rt; 
2a 





Sphere V = z — k — Vet — re —r2 + 2rrocos 6; 


where k = R’ tan a, ro is the radius vector,to the centre 
of the sphere, and c is the radius of the sphere. 
We express the conditions that the sphere and screw 


touch each other. P ., and s2 =)] + #, and 


2arr 
note that z4 is negligibly small. Then, 


reduction, we find 
21982 (rot —k — cs) + u2(rert + c2t —2ergs — hry) =0. 
; If now r’o be the value of ro on the assumption that a 
circle of radius c touches the slopes of the thread in the 
axial plane section, we have rot = k + cs. Put p= 19 
—ro. Then rot = pt +k-+cs, and we obtain 
p® #2 (2 82 + u2) + pt(2ks2 + 282 + kp?) 
—ple(ks +c)=0. 

Solving the quadratic, choosing the positive sign for 


the square root, and approximating, since yu‘ is negligible, 
we find 


Write . = 


after some 


p= Mo(ke +c) _ wee fy _ ce | 
2te2@(k+c8) 2ts' 8(k +ca)) 

The last term is small, so the result does not differ 
greatly from the case of a circular cylinder lying along 
the rake of the thread, for which p = °. 

8 

(11) Best Size of Cylinders for Effective Diameter 
Measurement.—In the t of tive diamet 
the circular cylinders are chosen of such a size that they 
make contact with the threads approximately at the 
middle points of the slopes. The approximate value 
of the radius for such cylinder is } p sec a calculated on 
the supposition that the section of the cylinder is a circle 
touching the slopes of the thread. 

If, however, we take account of the slope of the 
cylinder along the rake of the thread, a more exact 
value will be obtained. It is sufficiently exact to assume 
that the axial plane section of the cylinder is an ellipse 
touching the slopes of the thread. 

It may then be shown that 


4c_ 4/1 + p*cos? a 
P OF M)cowa 
Since u4 may be neglected, we obtain 
c=} pseca —}ppu2(seca — }cos a). 
Thus the correct cylinder diameter is smaller than the 


diameter of the approximate cylinder by the amount 
} p u® (sec a'— } cos a). 











